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Photo  1A.  High-altitude  vertical  aerial  photo  df  upper  Santa  Ana 
Valley,  southern  California,  with  overlay  showing  major  faults. 
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Same  as  photo  1A  without  overlay.  Displays  features 
by  annotations. 
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ABSTRACT 

The  study  area  encompasses  550  square  miles  (1400  km2)  of  the  Upper  Santa  Ana  Valley  in  southwestern 
San  Bernardino  County  and  has  a  population  of  600,000.  The  active  Cucamonga,  San  Jacinto,  San 
Andreas,  and  Elsinore  faults  are  within  the  region.  Based  on  well  data  and  magnetic  measurements,  a 
principal  trace  of  the  Elsinore  fault  is  believed  to  extend  northwesterly,  east  of  the  Puente  Hills.  The  San 
Jacinto  fault,  which  was  not  considered  during  early  land  development,  presents  the  greatest  hazard 
from  ground  rupture  in  the  urbanized  San  Bernardino  area.  The  San  Andreas  fault,  until  this  year  (1974), 
has  been  similarly  disregarded. 

Ground  shaking,  resulting  from  fault  movement,  is  a  serious  seismic  hazard  in  areas  of  widespread 
alluvial  sediments.  The  thickness  of  alluvial  sediments  averages  about  800  feet  (240  m)  in  the  valley  area 
with  maximum  thicknesses  of  about  1300  feet  (396  m)  near  Ontario  and  San  Bernardino.  The  surface 
effects  of  shaking  will  probably  be  greatest  in  areas  of  ground-water  depletion  and  subsidence  near  San 
Bernardino  and  Chino. 

Depletion  of  ground  water  and  draining  of  swamps  during  the  first  half  of  this  century  have  largely 
eliminated  the  liquefaction  hazard;  however,  urban  irrigation  maintains  perched  water  tables,  which  may 
present  local  liquefaction  hazards. 

The  region  experienced  major  seismic  events  in  1769,  1812,  and  1857;  and  five  strong  earthquakes 
near  magnitude  6  or  greater  were  experienced  in  the  region  between  1890  and  1923.  Landslide-prone 
areas  within  the  National  Forest  along  the  mountain  front  of  the  Transverse  Ranges  present  hazards  to 
dams,  reservoirs,  roads,  railroads,  and  utilities.  The  Puente  Hills,  which  are  underlain  by  Tertiary  marine 
sedimentary  rocks,  are  considered  the  most  hazardous  landslide-prone  area. 
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Geologic  Hazards  in  Southwestern 
San  Bernardino  County,    California 

By  Donald  L.  Fife1,  Donald  A.  Rodgers2,  Gordon  W.  Chase3,  Rodger  H.  Chapman3, 
and  Edward  C.  Sprotte4 


SUMMARY  OF 
FINDINGS 


Ground  Rupture 
and  Ground  Shaking 

Southwestern  San  Bernardino  County  has  been  sub- 
jected to  damaging  earthquakes  in  the  past,  and  in  the 
future  damage  may  result  from  earthquakes  centered 
on  faults  within  the  study  area  or  from  earthquakes 
originating  outside  the  area.  Surface  rupture  may  be 
devastating  to  structures  located  on  a  fault.  Most  struc- 
tures will  not  be  located  directly  on  a  fault  and  will  sus- 
tain damage  due  to  the  effects  of  ground  shaking  or 
landsliding. 

At  least  four  major  active  or  potentially  active  fault 
zones  are  found  within  the  study  area:  the  San  Jacinto, 
the  Chino-Corona  segment  of  the  Elsinore,  the 
Cucamonga,  and  the  San  Andreas.  Numerous  minor 
faults  associated  with  these  may  also  represent  signifi- 
cant hazards. 

During  the  33  years  from  1890  to  1923,  the  local 
San  Bernardino  region  experienced  five  significant 
earthquakes  with  estimated  local  magnitudes  of  6  or 
greater.  Each  one  of  these  earthquakes  resulted  in 
energy  release  roughly  equivalent  to  the  energy 
released  in  the  1971  San  Fernando  earthquake,  which 
caused  64  deaths  and  cost  $550  million  in  damage 
(Kachadoorian,  1971).  Historically,  the  San  Jacinto 
fault  zone,  which  passes  through  Rialto,  San  Bernar- 
dino, and  Colton  and  continues  south  into  the  San  Ja- 
cinto Valley  in  Riverside  County,  is  the  most  active 
fault  zone  in  southern  California.  The  most  recent 
earthquakes  on  this  fault  have  been  centered  in  River- 
side and  San  Diego  Counties.  Geologic  evidence  indi- 
cates the  San  Jacinto  fault  has  been  active  for  millions 
of  years  and  recent  surveys  indicate  the  fault  is  un- 
dergoing minor  creep  in  the  Colton  area.  It  has  been  52 
years  since  a  significant  earthquake  occurred  in  the  San 
Bernardino  region,  and  it  appears  that  a  moderate  to 
large  earthquake  may  be  overdue  somewhere  along  the 
northern  segment  of  the  San  Jacinto  fault  zone. 


Geologist. 
^Seismologist. 
3Geophysicist. 
"Petroleum  Geologist. 


The  Chino-Corona  segment  of  the  Elsinore  fault 
zone  is  the  least  known  of  the  major  fault  zones  affect- 
ing the  study  area.  As  referred  to  in  this  report,  the 
Chino-Corona  segment  of  the  Elsinore  fault  zone  is 
defined  as  that  portion  of  the  northwest-trending 
Elsinore  fault  zone  that  includes  the  Chino  fault  (Gray, 
1 96 1 ),  the  Central  Avenue  fault  (Woodford  and  others, 
1944),  and  newly  inferred  unnamed  subsurface  fault(s) 
that  separate  the  Puente  Hills  from  the  Perris  Block 
between  Bedford  Wash  on  the  south  and  the  San  Jose 
Hills  on  the  north.  The  trend  of  this  segment  is  similar 
to  the  "Elsinore  Fracture  Zone"  of  Barbat  (1958). 
Because  of  the  Holocene  alluvial  deposition  and 
agricultural  usage,  surface  or  near-surface  evidence  of 
fault  rupture  along  this  fault  zone  may  have  been 
obliterated.  Further  investigation  is  needed  to  define 
this  potential  geologic  hazard.  There  is  evidence  of 
faulting  in  deeper,  stratigraphically  older  sediments 
and  the  underlying  crystalline  rocks.  Fault  displace- 
ment of  Quaternary  (Jennings,  1973)  and  Holocene  age 
(Ziony  and  others,  1974)  is  attributed  to  the  Central 
Avenue  fault,  and  fault  displacement  of  Quaternary 
and  late  Quaternary  age  is  attributed  to  the  Chino  fault. 

To  the  south  in  Riverside  County,  geologically 
young  features  and  historic  seismic  activity  imply  that 
the  Elsinore  fault  zone  is  active;  movement  of  faults  in 
this  zone  range  from  right-lateral  sense  of  movement  to 
a  reverse,  or  possibly  thrust,  sense  of  movement 
(Weber,  1974). 

The  current  work  strongly  suggests  that  a  principal 
northern  extension  of  the  Elsinore  fault  zone  trends 
northwestly  into  the  study  area  and  includes  the  Chino, 
the  Central  Avenue  fault,  and  the  unnamed  subsurface 
fault(s)  mentioned  above.  The  Whittier  fault  on  the 
west,  outside  the  study  area,  may  represent  a  branch  or 
segment  of  the  Elsinore  fault  zone  but  is  possibly  not 
the  main  projection  of  the  Elsinore  fault.  Resolution  of 
this  possibility  will  require  additional  surface  and  sub- 
surface investigation. 

The  Cucamonga  fault  zone,  part  of  the  southern 
Transverse  Range  fault  system  of  left-lateral  reverse 
faults,  represents  an  eastern  end  of  this  zone.  The 
Cucamonga  fault  zone  is  considered  to  be  active,  based 
on  its  relatively  young  geologic  expression  and  on 
seismic  evidence,  particularly  the  1971  San  Fernando 
earthquake  which  took  place  within  the  southern 
Transverse  Range  fault  system.  Earthquakes  compara- 
ble to  the  1971  San  Fernando  earthquake  should  be  ex- 
pected along  the  Cucamonga  fault.  Some  geologists 
believe  the  Banning  fault  represents  an  offset  segment 
of  the  Cucamonga  fault  which  has  been  displaced  about 
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Photo  2.  Earthquake  damage  on  Main 
Street,  San  Jacinto,  California,  resulting 
from  the  December  1899  earthquake  on 
the  San  Jacinto  fault.  Loose  bricks  and 
falling  debris  are  common  hazards  during 
an  earthquake.  Photo  courtesy  of  Charles 
Van  Fleet. 


Photo  3  Seismically  induced  landslide  in 
Bautista  Canyon  resulting  from  the 
December  1899  earthquake  on  the  San  Ja- 
cinto fault.  Note  the  three  men  are  stand- 
ing between  the  scarp  and  a  fresh  crack 
on  an  unstable  block.  Photo  courtesy  of 
Charles  Van  Fleet 
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Photo  4.  Earthquake  damage  in  San  Ja- 
cinto, California,  resulting  from  the  April 
1918  earthquake  on  the  San  Jacinto  fault, 
only  19  years  after  the  1899  earthquake. 
Note  the  loose  debris  on  the  sidewalk  This 
type  of  nonstructural  decorative  facing  is 
severely  restricted  by  modern  building 
codes.  Photo  courtesy  of  A.  V.  Doyle. 
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Photo  5.  Another  view  of  earthquake  damage  in  San  Jacinto  resulting  from  the  April  1918  earthquake.  Much  of  the  decorative 
masonry  work,  as  well  as  shades  and  signboards,  collapsed  onto  the  sidewalk  during  the  earthquake.  Photo  courtesy  of  A.  V. 
Doyle. 


Photo  6.  Breaks  in  the  Holocene  alluvium  overlying  the  San  Ja- 
cinto fault  in  the  California  Aqueduct  pipeline  trench  about  700 
feet  (210  m)  north  of  Foothill  Boulevard  in  west  San  Bernardino. 
The  9-foot  (2.75-m)  diameter  highpressure  pipeline  was  placed 
next  to  the  Lytle  Creek  flood  control  channel  through  this  part  of 
the  city.  White  rectangle  enlarged  in  photo  7.  Photo  by  Donald  L. 
Fife,  1971. 


Photo  7.  Close-up  of  Holocene  San  Jacinto  fault  break  shown  in 
photo  6.  Observer  is  looking  down  the  strike  of  this  lateral  fault 
break  Several  similar  breaks  transect  the  pipeline  trench  at  this 
locality.  Photo  by  Donald  L.  Fife,  1971. 
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1 8-25  miles  (30-40  km)  southeast  along  the  San  Jacinto 
fault  (Baird  and  others,  1974). 

In  1 857  a  magnitude  8  +  (estimated)  earthquake  oc- 
curred on  the  San  Andreas  fault,  and  the  ground  was 
ruptured  for  200  to  275  miles  (320  to  440  km)  from 
near  Cholame  to  Cajon  Pass  and  possibly  as  far  south  as 
the  San  Gorgonio  Pass  (Wood,  1955).  Wallace  (1968) 
estimated  the  recurrence  interval  for  a  magnitude  8 
earthquake  along  the  total  length  of  the  fault  to  be  be- 
tween 50  and  200  years.  It  has  been  1 1 7  years  since  the 
rupture  in  1857.  Most  geologists  and  seismologists 
believe  stress  is  building  up  on  the  San  Andreas  fault 
because  of  the  resistance  created  by  the  curvature  of  the 
fault  in  southern  California  and  will  eventually  be 
released  in  an  earthquake  similar  to  the  1857  event. 
Such  an  earthquake  would  have  a  significant  impact  on 
the  700,000  residents  of  San  Bernardino  County,  as 
well  as  the  several  millions  in  adjacent  counties. 

A  magnitude  7.5  earthquake  on  the  San  Jacinto  fault 
would  subject  most  of  the  San  Bernardino  area  to 
ground  acceleration  over  0.5  g  with  higher  accelera- 
tions in  the  mountains.  Maximum  peak  bedrock  ac- 
celeration from  a  magnitude  7.5  earthquake  on  the 
Elsinore-Whittier  fault  would  range  from  about  0.7  g 
on  the  southwest  county  line  to  0.4  g  near  Ontario.  The 
maximum  peak  bedrock  accelerations  from  a  mag- 
nitude 6.5  earthquake  on  the  Cucamonga  fault  would 
be  over  0.5  g  but  generally  confined  to  the  area  within 
about  6  miles  (10  km)  of  the  fault  trace.  Maximum 
peak  bedrock  accelerations  well  over  0.5  g  would  be 
generated  throughout  most  of  the  San  Bernardino  area 
by  a  magnitude  8+  earthquake  on  the  San  Andreas 
fault. 


Landslides  and 
Slope  Stability 

The  steep  mountain  slopes  of  the  San  Gabriel  and 
San  Bernardino  Mountains  and  the  gentle  slopes  of  the 
Puente  Hills  are  potentially  hazardous  areas.  The  San 
Gabriel  and  San  Bernardino  Mountains  lie  within  the 
National  Forest;  thus,  potential  landsliding  here  will 
presumably  not  affect  major  urban  development 
directly,  but  will  be  a  hazard  to  dams,  reservoirs, 
roads,  railroads,  and  utilities. 

The  40-square-mile  (100  km2)  area  of  the  Puente 
Hills  underlain  by  marine  sedimentary  rocks  is  the 
most  potentially  hazardous  landslide-prone  terrain  in 
southwest  San  Bernardino  County.  Probably  the 
greatest  hazard  results  from  failure  to  recognize  exist- 
ing landslides  and  areas  of  potential  landsliding  prior 
to  urban  development.  If  the  potentially  hazardous 
areas  are  recognized  in  the  planning  stage,  they  can 
often  be  safely  developed,  avoided,  or  removed. 

Subsidence  and  Uplift 

Subsidence  from  ground-water  withdrawal  is  ac- 
tively progressing  within  the  study  area,  although  the 
magnitude  and  significance  of  subsidence  is  not  com- 
pletely known. 


Subsidence  in  the  Bunker  Hill-San  Timoteo  hy- 
drologic  basin  appears  to  be  satisfactorily  regulated  by 
recharging  the  basin  with  imported  water.  Maximum 
documented  subsidence  to  date  is  on  the  order  of  1  foot 
(30  cm)  near  Loma  Linda. 

The  extent  of  subsidence  is  not  completely  known. 
The  entire  region  underlain  by  the  Chino  artesian 
aquifer  may  be  subsiding  significantly  due  to  ground- 
water depletion.  The  production  of  petroleum  within 
the  county  is  not  presently  great  enough  to  cause 
petroleum  related  subsidence. 

The  amount  of  tectonic  subsidence  or  uplift,  if  any, 
is  unknown  in  the  valley  portion  of  the  study  area. 

Liquefaction  Potential 

The  potential  for  liquefaction  exists  in  all  the  alluvi- 
ated  areas  of  the  study  area,  with  the  greatest  potential 
where  shallow  perched  water  tables  exist.  Soils  are 
generally  sandy  and  silty  and,  when  saturated,  they 
have  a  high  potential  for  liquefaction.  Areas  of  highest 
potential  for  shallow  ground  water  less  than  50  feet  (15 
m)  generally  correspond  to  the  old  lowlands  or 
drainage  areas  of  surface  waters  and  swamps  of  the  late 
1800s  (plates  4A  and  4B). 

Mineral  Resources 

Southwest  San  Bernardino  County  has  extensive 
sand  and  gravel  resources,  located  mainly  in  the  large 
alluvial  fans  along  the  base  of  the  San  Gabriel  and  San 
Bernardino  Mountains.  Large  undeveloped  tracts  of 
land  exist  on  these  fans,  which  are  underlain  by  poten- 
tially valuable  aggregate  and  by  potentially  hazardous 
faults,  such  as  the  Cucamonga,  San  Andreas,  and  San 
Jacinto. 

With  increasing  population  there  is  an  increasing  de- 
mand for  mineral  resources.  Effective  land  use  plan- 
ning must  be  exercised  so  valuable  resources  are  not 
made  inaccessible  by  urbanization. 

Geophysical  Surveys 

Seismic,  magnetic,  and  gravity  methods  were  used  to 
detect  fault  extensions  and  to  confirm  locations  of 
suspected  faults  in  Prado  flood  control  basin,  Water- 
man Creek,  Lytle  Creek,  Cajon  Creek,  and  Santa  Ana 
River  washes.  The  use  of  seismic  refraction  data  was 
successful  in  detecting  evidence  of  faulting  along  the 
Glen  Helen-Loma  Linda  fault  trend  on  at  least  three 
traverses  and  possibly  three  others.  Portable  seismic 
equipment  and  high-energy  sources  (explosives)  are  re- 
quired to  obtain  more  satisfactory  seismic  results  in  the 
poorly  consolidated  alluvium,  artificial  fill,  and  old 
landfills.  Magnetic  anomalies,  mostly  small  in 
amplitude,  mark  some  of  the  fault  traces  or  projected 
traces  of  the  Glen  Helen,  Loma  Linda,  San  Jacinto, 
and  Central  Avenue  faults.  An  analysis  of  the  gravity 
field  in  the  region,  however,  shows  that  only  very  crude 
estimates  of  the  thickness  of  the  valley  fill  can  be  made 
from  the  gravity  data. 
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Photo  8.  Lytle  Creek  flood  control  dam  (center  back)  and  buried  California  Aqueduct  pipeline  (dashed  line)  cross  a  branch  of 
the  San  Jacinto  fault  zone  (solid  white  lines)  north  of  Foothill  Boulevard  in  west  San  Bernardino;  view  west  The  fault  zone  trends 
northwest.  The  disturbed  zone  within  the  Holocene  alluvium  (between  the  solid  white  lines)  is  more  than  50  feet  (15  m)  wide.  The 
buried  pipeline  (Note  manhole  cover  at  far  left  center)  is  shown  in  photo  6  before  fill  was  placed  around  it.  The  California 
Aqueduct  has  about  700  feet  (210  m)  of  head  at  this  location.  Photo  by  Donald  L.  Fife,  1975 
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Photo  9  San  Jacinto  fault  capped  by  38  feet  (11.5  m)  of 
"modern"  (1969)  alluvium  in  the  California  Aqueduct  pipeline 
trench  in  Lytle  Creek  flood  control  channel  at  Warm  Creek  in 
southwest  San  Bernardino  White  rectangle  enlarged  in  photo  10. 
Photo  by  Donald  L.  Fife,  1971. 


Photo  10.  Close-up  of  "modern"  alluvium  containing  aluminum- 
top  cans  as  much  as  30  feet  (9  m)  below  the  ground  surface  (see 
photo  9).  Thirty-eight  feet  (11.5  m)  of  undisturbed,  unfaulted 
"modern"  alluvium  overlies  the  active  San  Jacinto  fault  zone  at 
this  locality  Photo  by  Donald  L.  Fife,  1971. 
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Photo  11  San  Jacinto  fault  exposed  in 
Holocene  alluvium  in  foundation  trench 
near  Mill  Street  in  west  San  Bernardino. 
The  break  apparently  reached  the  surface. 
This  site  is  now  (1975)  covered  by  part  of  a 
large  modern  building.  New  laws  (1974) 
have  been  enacted  to  prevent  building  on 
active  faults  Photo  courtesy  of  Converse- 
Davis  &  Associates,  Pasadena. 


Photo  12  Old  canal  (circa  1900)  showing 
possible  creep  and/or  expansive  soil 
effects  at  San  Jacinto  fault  crossing  of 
Warm  Creek  Several  millimeters  of  right- 
lateral  creep  have  been  observed  on 
survey  figure  COLT  in  this  area  The  canal 
lies  normal  to  the  fault  trace.  Apparent 
right-lateral  creep  shown  in  photo  is 
difficult  to  prove  because  the  canal  lining 
is  a  patchwork  of  repairs  Photo  by  Donald 
L.  Fife,  1974. 


Photo  13  Deformed  and  altered  sedi 
mentary  rock  and  plastic  fault  gouge  from 
the  south  end  of  Bunker  Hill  Dike  (San  Ja- 
cinto fault  zone)  Cracking  is  the  result  of 
drying  This  expansive  material  underlies 
the  areas  shown  in  photos,  9,  10,  and  11. 
Photo  by  Donald  L   Fife,  1971 
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RECOMMENDATIONS 

Active  Faults 

and  Ground  Rupture 

Under  provisions  of  the  Alquist-Priolo  Geologic 
Hazard  Zones  Act  (Chapter  7.5,  Division  2  of  the 
Public  Resources  Code),  special  studies  zones  have 
been  or  are  being  considered  for  delineation  along  ac- 
tive traces  of  the  Cucamonga,  San  Jacinto,  Glen  Helen, 
Loma  Linda,  and  San  Andreas  faults  within  the  study 
area.  Unidentified  active  faults  also  may  exist  outside 
3f  these  special  study  zones  with  surface  traces 
obscured  by  natural  or  human  activities. 

The  generalized  fault  map  (plates  2A  and  2B) 
delineates  the  traces  of  known  active  and  potentially 
active  faults.  Because  of  the  scale  of  this  map  and  the 
limitations  of  existing  geologic  knowledge  of  the  area, 
3nly  the  approximate  locations  of  known  fault  ruptures 
ire  shown.  All  active  and  potentially  active  fault  traces 
mould  be  delineated  accurately  prior  to  urban 
development.  Structures  for  human  occupancy  should 
lot  straddle  the  trace  of  an  active  or  potentially  active 
Fault.  Where  utilities  or  pipelines  cross  an  active  or  po- 
:entially  active  fault,  provisions  should  be  made  to 
reduce  the  hazard. 

Landslides  and 
Slope  Stability 

Since  much  of  the  hillside  terrain  is  underlain  by  po- 
:entially  unstable  material,  a  detailed  soil  and  geologic 
slope  stability  evaluation  should  be  made  of  specific 
sites  prior  to  urban  development  in  hillside  areas, 
rhese  investigations  should  identify  and  delineate  ex- 
isting landslides,  as  well  as  the  effects  on  slope  stability 
of  altering  the  vegetation,  the  water  table,  the  natural 
drainage,  and  the  natural  slope.  Design  and  engineer- 
ing work  necessary  to  prevent  or  correct  problems 
mould  be  set  forth  in  detail  prior  to  construction. 

Subsidence 

Because  the  extent  of  subsidence  in  the  area  of  this 
study  is  not  fully  known,  a  program  of  monitoring  first - 
rjrder  level  surveys  across  areas  of  potential  subsidence 
should  be  considered.  The  northern  portion  of  the  area, 
which  is  now  being  rapidly  urbanized,  should  be  in- 
vestigated first.  A  first-order  level  survey  net  in  the 
county  could  be  tied  into  the  existing  net  (Lofgren, 
1971)  and  used  to  monitor  fault  movement  as  well  as 
subsidence.  If  significant  subsidence  related  to  ground- 
water withdrawal  is  identified,  a  program  of  ground- 
water management  should  be  implemented. 

Liquefaction  Potential 

Areas  of  former  shallow  ground  water,  swamps,  and 
other  surface  waters  (plates  4A,  4B)  should  be  con- 
sidered suspect  for  potential  liquefaction.  Because 
many  irregular  and  discontinuous  perched  water  tables 
exist  in  the  urban  areas  and  because  these  areas  are 
generally  underlain  by  sandy  and  silty  soils,  each  site 


should  be  evaluated  for  liquefaction  potential  prior  to 
design  or  construction.  The  site  evaluation  should  in- 
clude information  on  soil  type,  history  of  water-table 
fluctuation,  and  potential  for  saturation  within  the  up- 
per 50  feet  (15  m)  of  alluvial  materials. 

Mineral  Resources 

It  is  recommended  that  undeveloped  areas  under- 
lain by  hazardous  fault  zones  and  potentially  valuable 
sand  and  gravel  be  considered  for  addition  to  existing 
resource  zones  to  keep  these  resources  accessible  to  the 
community,  as  well  as  to  diminish  high-density  human 
occupation  in  an  active  fault  zone.  Consideration 
should  be  given  to  coordinating  mining  with  improved 
flood  control,  water  spreading,  recreation,  and  other 
compatible  land  uses.  The  Alquist-Priolo  special 
studies  zone  maps  should  offer  a  general  guide  to 
resource  zoning  in  these  geologically  hazardous  areas. 

Discussion  of 
Additional  Studies 

It  is  recommended  that  the  following  additional 
studies  be  considered: 

(1)  Identify  and  monitor  active  and  potentially  active  faults  and 
subsidence  areas. 

(2)  Make  detailed  gravity,  magnetic,  seismic,  and  subsurface 
geologic  studies  of  the  poorly  defined  fault  zones  within  the  study 
area. 

(3)  Map  the  geologic  detail  of  exposed  traces  of  active  faults  and 
landslide-prone  areas  at  a  scale  of  1:12,000  or  larger. 

(4)  Make  a  study  of  ground-water  barriers  paralleling  the  main 
trace  of  the  San  Andreas  fault,  including  the  area  1  mile  (1.6  km) 
southwest  of  it. 

Additional  work  should  be  considered  for  the  iden- 
tification and  monitoring  of  active  and  potentially  ac- 
tive faults.  Detailed  gravity,  magnetic,  seismic,  and 
subsurface  geologic  studies  should  be  considered  for 
the  poorly  known  fault  zones  within  the  valley  areas.  It 
would  also  be  desirable  to  have  detailed  regional 
geologic  mapping  at  a  scale  of  1 : 1 2,000  or  larger  along 
the  exposed  traces  of  the  active  faults  as  well  as  in  land- 
slide prone  areas. 

Additional  seismic  refraction  traverses  should  be 
made  along  the  little  known,  but  urbanized,  segments 
of  the  Glen  Helen-Loma  Linda  fault  trend  in  Rialto, 
San  Bernardino,  and  Loma  Linda.  The  newly  inferred 
extension  of  the  Banning(?)  fault  projecting  northwest- 
ward from  the  mouth  of  San  Timoteo  Canyon  should  be 
more  clearly  identified,  possibly  by  trenching,  as  the 
fault  appears  at  the  ground  surface  in  1928  aerial 
photographs. 

The  ground-water  barriers  paralleling  the  main 
trace  of  the  San  Andreas  fault  about  1  mile  ( 1 .6  km)  to 
the  southwest  should  be  included  in  any  study  of  the 
San  Andreas  fault.  These  barriers  are  probably  related 
to  faults,  and  they  underlie  heavily  urbanized  San  Ber- 
nardino, Patton,  and  Highland. 

It  would  also  be  desirable  to  identify  more  clearly 
the  faults  within  the  Chino-Corona  segment  of  the 
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Elsinore  fault  zone.  This  might  be  accomplished  with  a 
program  of  detailed  magnetic  and  seismic  refraction 
surveys  and  detailed  surface  and  subsurface  geologic 
mapping. 

At  least  two  detailed  gravity,  magnetic,  and  seismic 
traverses  running  northeast  across  the  study  area  would 
aid  in  identifying  other  presently  unknown  faults.  A 
northwest  traverse  normal  to  the  microseismic  trend  in 
Fontana  would  also  be  useful  in  identifying  the  source 
of  seismic  activity  in  that  area. 

All  potentially  active  faults  in  the  area  should  be 
monitored.  Microearthquake  surveys  (Hadley,  1973) 
should  be  conducted  to  identify  current  seismic  ac- 
tivity, as  this  may  be  a  clue  to  future  seismic  events. 
Small  survey  figures  such  as  those  at  COLT,  RIALTO, 
and  DEVIL  should  be  established  across  the  faults, 
using  first-order  survey  techniques,  with  at  least  two 
figures  across  each  fault.  If  the  figures  are  resurveyed 


annually,  slow  movement  on  the  fault  could  be 
monitored.  In  addition,  first -order  level  surveys  should 
connect  each  survey  figure  to  detect  vertical  move- 
ment. Significant  creep  or  tilt  might  forewarn  of  im- 
pending earthquakes.  To  be  sure  that  no  faults  were 
missed,  first-order  trilateration  arcs  and  level  lines 
should  be  established  where  lines  do  not  presently  ex- 
ist— possibly  along  freeways,  flood  control  channels, 
railroads,  or  utility  corridors.  These  should  be  reob- 
served  every  1  to  2  years.  Level  lines  would  also  be 
useful  in  determining  and  monitoring  subsidence. 

Many  faults  are  known  within  the  study  area,  and  we 
can  reasonably  expect  earthquakes  and  ground  rupture 
on  some  of  them  in  the  future.  However,  one  should  not 
be  complacent  about  the  probable  existence  of 
unknown  faults,  as  two  of  the  most  damaging  earth- 
quakes in  recent  years,  the  1952  magnitude  7.7  Arvin- 
Tehachapi  and  the  1971  magnitude  6.4  San  Fernando 
earthquakes,  occurred  on  little-known  faults  or 
"ground-water  barriers." 
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INTRODUCTION 


Purpose 

The  primary  purpose  of  this  report  is  to  review  and 
analyze  the  available  geologic,  geophysical,  and 
seismic  data  in  the  Upper  Santa  Ana  Valley  region  of 
southwestern  San  Bernardino  County  (figure  1).  Actual 
and  potential  geologic  hazards  are  identified  and 
delineated  so  policies,  programs,  and  ordinances  to 
mitigate  these  hazards  can  be  developed,  and  included 
in  the  Seismic  Safety  and  Public  Safety  Elements  of  the 
County's  General  Plan  as  mandated  by  California 
Government  Code  Sections  65302  and  65302.2.  The 
generalized  maps  and  other  data  presented  in  this 
report  are  principally  intended  for  general  use  of 
geologists,  engineers,  planners,  and  other  professionals 
and  should  not  be  considered  as  a  substitute  for  in- 
dividual site  investigations. 

Location  and  Extent  of  Area 

San  Bernardino  County  encompasses  20,160 
square  miles  (52,210  km2)  in  southeastern  California. 
In  areal  extent  this  is  the  largest  political  subdivision  of 
its  kind  in  the  conterminous  United  States.  Included 
within  the  county  are  portions  of  four  geomorphic  pro- 
vinces— Basin  and  Range,  Mojave  Desert,  Transverse 
Ranges,  and  Peninsular  Ranges — bounded  in  part  and 
dissected  by  major  active  and  potentially  active  fault 
zones — the  Cucamonga,  Elsinore,  San  Jacinto,  and  San 
Andreas.  The  study  area  of  this  investigation  encom- 
passes about  550  square  miles  (1,420  km2)  located  in 
the  southwestern  portion  of  the  county  and  includes 
portions  of  the  south-  and  southwest-facing  areas  of  the 


eastern  San  Gabriel  Mountains  and  San  Bernardino 
Mountains  of  the  Transverse  Range  Province,  and  the 
San  Bernardino -Chino  Valley- eastern  Puente  Hills 
area  of  the  Peninsular  Range  Province  (figure  2).  The 
valley  portion  of  the  study  area  is  collectively  known  as 
the  Upper  Santa  Ana  Valley. 

Elevations  range  from  1 1 ,502  feet  (3399  m)  at  Mt. 
San  Gorgonio  on  the  east  to  490  feet  ( 1 50  m)  above  sea 
level  at  the  Prado  Flood  Control  Basin  in  the  southwest 
corner  of  the  area.  Most  of  the  Upper  Santa  Ana  Valley 
is  of  low  relief,  with  alluvial  plains  averaging  from 
1,000  to  1,500  feet  (300-460  m)  in  elevation. 

In  1973  the  estimated  total  county  population  was 
700,000.  The  majority  of  residents  (about  600,000)  are 
located  within  the  study  area  and  concentrated  in  the 
cities  of  Ontario,  Upland,  Chino,  Fontana,  Redlands, 
Rialto,  Colton,  and  San  Bernardino.  San  Bernardino, 
the  County  seat,  is  the  largest  city,  with  a  population  of 
110,000. 


Climate 

The  area  has  a  semiarid  climate  that  is  much  less 
severe  than  the  Mojave  and  Colorado  desert  regime  to 
the  north  and  east.  The  mean  temperature  in  the  San 
Bernardino  area  is  about  62°  F  (16.7°  C).  Extremes 
range  from  a  maximum  of  116°  F  (46.7°  C)  to  a 
minimum  of  18°  F  (-7.7°  C).  Winter  temperatures  in 
the  valley  are  sufficiently  mild  to  allow  extensive  citrus 
growing.  Precipitation  ranges  from  20  to  40  inches  (500 
to  1000  mm)  annually  in  the  high  mountains  to  approx- 
imately 17  inches  (430  mm)  annually  on  the  central 
valley  floor.  Most  of  the  precipitation  occurs  between 
October  and  May. 


WEST  1/2 

"A"SERIES  PLATES 

l-A  THRU  5-A 


EAST  1/2 

"B"SERIES  PLATES 
l-B  THRU  5-B 


Figure  1      Index  map  of  southwestern  San  Bernardino  County  showing  study  area  and  US  Geological 
Survey  7  5-minute  quadrangles 


16 


CALIFORNIA  DIVISION  OF  MINES  AND  GEOLOGY 


SR113 


1976 


SOUTHWESTERN  SAN  BERNARDINO  COUNTY 


17 


Drainage  and  Water  Supply 

All  major  drainages  flow  south  and  west  out  of  the 
Transverse  Ranges  upon  actively  building  alluvial  fans 
into  the  Santa  Ana  River,  which  flows  southwestward 
into  the  Prado  Flood  Control  Basin.  The  Santa  Ana 
River  then  passes  through  an  antecedent  course  be- 
tween the  northern  Santa  Ana  Mountains  and  eastern 
Puente  Hills  to  the  Pacific  Ocean  25  miles  (40  km)  west 
of  the  study  area.  The  narrows  at  Prado  Dam  allow 
precise  measurement  of  all  surface  and  ground-water 
flow  leaving  the  Upper  Santa  Ana  Valley.  The  greatest 
flood  on  record  was  the  January  1862  flood,  with  an 
estimated  outflow  from  the  Prado  narrows  of  320,000 
cfs  (9,260  cms)  (Sidler,  1973).  By  comparison,  the  dis- 
astrous flood  of  March  1938  had  an  estimated  outflow 
of  100,000  cfs  (2,830  cms)  from  Prado  narrows.  Prado 
Dam  built  in  1941  protects  Orange  County  and  a  small 
portion  of  Riverside  and  San  Bernardino  Counties  and 
was  constructed  to  control  floods  approximating  the 
1938  flood. 

A  drought  occurred  during  the  late  1800s,  and  by 
the  early  1900s  extensive  withdrawal  of  ground  water 
had  caused  a  serious  overdraft  on  the  two  principal 
areas  of  artesian  flow  near  Chino  and  around  San  Ber- 
nardino (figure  3).  Water  has  been  imported  from  the 
Colorado  River  since  the  early  1940s  and  from  the 
California  Aqueduct  since  1972  to  supplement  local 
supply. 

Previous  Work 

Hall  (1888)  and  his  assistant,  Schuyler,  produced 
the  first  significant  technical  information  on  the  area 
covered  by  this  study.  Their  maps  show  surface  waters, 
swamps,  and  irrigated  lands  and  are  the  principal 
source  of  information  concerning  early  surface-  and 
ground-water  conditions.  Mendenhall  (1905,  1908) 
made  the  first  significant  geologic  analysis  of  the 
region.  Eckis  (1934)  first  summarized  the 
geohydrology  of  the  entire  study  area.  Geologic  and 
hydrologic  conditions  in  the  Chino  Basin  area  of  the 
western  portion  of  the  study  area  were  covered  by  Gar- 
rett and  Thomasson  (1949).  Dutcher  and  Garrett 
(1963)  summarized  several  years  of  U.S.  Geological 
Survey  ground-water  related  research  in  the  eastern 
half  of  the  study  area  and  presented  the  first  published 
detailed  analysis  of  ground  water,  ground-water  bar- 
riers, and  faulting.  The  geology  of  the  marine  sedimen- 
tary rocks  of  the  eastern  Puente  Hills  was  studied  by 
Durham  and  Yerkes  (1964).  The  work  of  Phillips 
(1971a,  1971b)  was  used  extensively  in  compiling  in- 
formation pertaining  to  areas  covered  by  alluvium 
within  the  study  area. 

The  general  aspects  of  the  Peninsular  Ranges  and 
the  Transverse  Ranges  Provinces  are  summarized  by 
Jahns  (1954a,  1954b)  and  by  Bailey  and  Jahns  (1954). 
The  report  of  the  State  Earthquake  Investigation  Com- 
mission (Lawson  and  others,  1908)  contains  an  account 
of  a  reconnaissance  of  the  San  Andreas  and  San  Jacinto 
fault  zones  made  by  H.W.  Fairbanks  after  the  1906  San 
Francisco  earthquake. 


The  most  significant  historic  seismic  event  to  affect 
the  San  Bernardino  area,  the  Fort  Tejon  earthquake  of 
1857,  was  reviewed  by  Wood  (1955).  This  earthquake 
is  judged  to  have  been  of  about  the  same  or  greater  in- 
tensity as  the  1906  San  Francisco  earthquake  (esti- 
mated magnitude  >  8)  and  is  reported  to  have  created 
a  long  "fissure"  in  south  San  Bernardino  (Wood, 
1955). 

Crowell  (1962)  discussed  the  San  Andreas  system 
and  proposed  lateral  offsets  of  160  miles  (250  km)  or 
more  along  the  fault.  Recently  Baird  and  others  (1974) 
discussed  some  of  the  problems  concerning  the  con- 
tinuity of  the  Transverse  Ranges  and  large  lateral  offset 
proposed  for  the  San  Andreas  fault  system. 

California  Division  of  Mines  and  Geology  Bulletin 
196  (Oakeshott,  1975)  reviews  the  geology,  geophysics, 
and  seismology  of  the  1971  San  Fernando  earthquake, 
centered  on  the  western  portion  of  the  southern 
Transverse  Range  fault  system,  which  extends  into 
southwestern  San  Bernardino  County. 

Sharp  (1967)  reviewed  the  San  Jacinto  fault, 
mainly  considering  its  effects  south  of  San  Bernardino 
County.  Because  this  fault  is  one  of  the  most  active  in 
California,  its  movement  and  history,  even  outside  the 
area  of  study,  are  important.  U.S.  Geological  Survey 
Professional  Paper  787  reviews  the  1968  Borrego 
Mountain  earthquake  on  the  San  Jacinto  fault  and  the 
synchronous  movement  on  neighboring  faults  during 
this  event.  California  Division  of  Mines  and  Geology 
Preliminary  Report  13  (Jennings,  1973)  summarizes 
the  current  knowledge  of  Cenozoic  and  historic  fault- 
ing in  the  region. 
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FAULT  ZONE  SAG  PONO   DEPOSITS 

Photo  14  San  Jacinto  fault  zone  west  of  the  Life  Science  Building  at  San  Bernardino  Valley  College  The  fault  and 
sag  pond  deposits  as  exposed  in  the  trench  are  shown  in  cross  section  Photo  by  Donald  L  Fife;  trench  log  courtesy 
of  Converse-Davis  &  Associates,  Pasadena 


Photo  15.  San  Andreas  fault  zone  in  northeast  San  Bernardino;  view  due  east  Highland  Avenue  in  the  center  of 
the  photo  bisects  the  view  and  points  toward  Mt  San  Bernardino  and  Mt  San  Gorgonio  on  the  horizon.  The  most 
recently  active  trace  of  the  fault  delineates  a  sharp  break  between  the  valley  and  San  Bernardino  Mountain  front 
(upper  left  of  photo).  The  trace  of  a  subparallel  fault  (known  as  the  North  Branch  of  the  San  Andreas  fault)  can  be 
seen  trending  in  the  same  direction  slightly  higher  along  the  mountains  Note  the  urbanization  along  the  fault  (see 
photo  16).     Photo  by  Gordon  Davis,  Aerial  Enterprises,  San  Bernardino. 
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GEOLOGIC  AND 
STRUCTURAL  SETTING 


Southwestern  San  Bernardino  County  is  underlain 
by  several  fault-bound  structural  blocks  uplifted  dur- 
ing Pleistocene  time.  These  blocks  are  the  Puente  Hills 
on  the  west,  the  San  Bernardino  Mountains  on  the 
northeast,  and  the  San  Gabriel  Mountains  on  the  north 
(figure  2).  Down-dropped  blocks  are  the  relatively  sta- 
ble Perris  Block  and  the  San  Bernardino  Valley  Block. 
The  Perris  Block  underlies  the  Chino  basin  in  the 
central  and  southern  portions  of  the  area  and  is 
bounded  on  the  southwest  by  the  Chino-Corona  seg- 
ment of  the  Elsinore  fault  zone  and  on  the  northeast  by 
the  downdropped  San  Bernardino  Valley  Block.  The 
Chino-Corona  segment  of  the  Elsinore  fault  zone,  as 
defined  in  this  report,  extends  northward  from  Bedford 
Wash  in  the  Corona  South  quadrangle  along  the  north- 
ern Santa  Ana  Mountains  and  eastern  side  of  the 
Puente  Hills  paralleling  the  Chino  and  Central  Avenue 
fault  zones  and  is  terminated  by  the  San  Jose  Hills  in 
San  Dimas  quadrangle  on  the  north.  The  Chino-Cor- 
ona segment  of  the  Elsinore  fault  zone  represents  a  ma- 
jor boundary  between  the  Perris  Block  and  the  north- 
ern Santa  Ana  Mountains  and  the  Los  Angeles  Basin  on 
the  west,  just  as  it  represents  a  major  break  between  the 
Perris  Block  and  the  Santa  Ana  Mountains  farther 
south.  The  San  Bernardino  Valley  Block  underlies  the 
Bunker  Hill-San  Timoteo  Basin  and  represents  a  rift 
between  the  San  Andreas  fault  zone  on  the  northeast 
and  the  San  Jacinto  fault  zone  on  the  southwest.  The 
San  Bernardino  Valley  Block  has  subsided  tectonically 
and  is  crossed  by  a  number  of  minor  northeast-trending 
faults. 

In  this  report  the  base  of  fresh  water  defines  the 
base  of  the  alluvium.  The  thickness  of  the  alluvium,  as 
shown  on  plate  5,  is  determined  by  the  base  of  fresh 
water  (California  Department  of  Water  Resources, 
1970c). 

For  purposes  of  this  report,  areas  of  low  per- 
meability and  poor  water  quality,  particularly  from 
mineralized  thermal  springs  adjacent  to  faults,  are  not 
included  in  the  alluvium. 

The  portion  of  the  Perris  Block  which  is  covered  by 
the  alluvial  debris  of  the  San  Gabriel  Mountains  Block 
probably  has  an  undulating  surface  much  like  that  of 
the  exposed  portions  of  the  Perris  Block  to  the  south. 
The  same  granitic  and  moderately  high  grade 
metamorphic  terrane  with  marble  roof  pendants  and 
pegmatite  dikes  is  believed  to  be  present  beneath  the 
clastic  debris. 


Chino  Basin 

The  Chino  Basin,  which  includes  the  cities  of 
Chino,  Upland,  Ontario,  and  Fontana,  is  a  sedimentary 
basin  bounded  by  major  faults  and  resistant  hills.  This 
basin,  underlain  by  the  Perris  Block,  lies  southwest  of 
the  active  San  Jacinto  fault  zone  (historic  faulting)  and 
east  of  the  Puente  Hills  and  the  potentially  active 


Chino-Corona   segment   of  the   Elsinore   fault   zone 
(Quaternary  faulting). 

The  Chino-Corona  segment  of  the  Elsinore  fault 
zone  is  generally  obscured  beneath  the  recent  alluvium 
along  the  southwest  margin  of  this  basin.  The  northern 
boundary  of  the  Chino  Basin  is  defined  by  the  steep 
face  of  the  eastern  San  Gabriel  Mountains  and  a  series 
of  reverse  oblique  fault  scarps  belonging  to  the 
Cucamonga  fault  zone,  which  is  part  of  the  active 
southern  Transverse  Range  fault  system.  This  fault 
system  includes  the  east-west  trending  faults  (Malibu 
Coast,  Raymond  Hill,  San  Fernando,  Sierra  Madre, 
Cucamonga,  and  Banning  faults)  associated  with 
Quaternary  uplift  along  the  southern  Transverse 
Ranges.  The  south  boundary  of  the  basin  is  marked  by 
a  discontinuous  series  of  resistant  granitic  and 
metamorphic  hills  exposed  extensively  to  the  south  in 
Riverside  County  (figure  2). 

The  portion  of  the  Chino-Corona  segment  of  the 
Elsinore  fault  zone  within  the  study  area  is  about  10 
miles  ( 1 6  km)  long  and  averages  2  miles  (3.2  km)  wide 
and  may  contain  a  vertical  thickness  of  as  much  as 
8,000  feet  (2,440  m)  of  faulted  Los  Angeles  Basin  Ter- 
tiary sedimentary  rocks  in  the  fault  zone  near  Prado 
Dam.  Near  the  northern  end  at  the  Los  Angeles  County 
line,  Tertiary  sediments  within  the  fault  zone  become 
thinner  and  probably  are  less  than  3,000  feet  (900  m) 
thick  (plate  7). 

Outliers  of  Pliocene  marine  sedimentary  rocks  are 
found  several  miles  east  of  the  Chino-Corona  segment 
of  the  Elsinore  fault  zone  in  the  vicinity  of  Norco,  in- 
dicating transgression  of  the  Pliocene  sea,  although 
probably  only  locally,  east  of  the  Elsinore  fault  system. 
Faulting  along  the  east  side  of  this  fault  system  proba- 
bly began  in  Upper  Cretaceous  time,  and  intermittent 
uplift  probably  continued  at  least  into  Pliocene  time. 
Since  the  Elsinore  fault  system  has  some  apparent  evi- 
dence of  historic  movement  (Engel,  1959),  the  segment 
of  this  fault  system  at  the  western  margin  of  the  Chino 
Basin  (plate  6)  should  be  regarded  as  potentially  active 
and  the  subject  of  additional  study  prior  to  urban 
development  in  this  area. 

The  relief  between  the  crest  of  the  San  Gabriel 
Mountains  and  the  base  of  alluvium  near  Ontario  is 
more  than  10,000  feet  (3,000  m).  The  alluvium 
averages  more  than  800  feet  (244  m)  thick  in  the 
central  area  of  the  basin,  and  just  northeast  of  Ontario 
the  maximum  thickness  is  more  than  1,300  feet  (376 
m). 

One  of  the  most  important  zones  of  artesian  ground 
water  in  the  study  area  is  located  on  the  western  margin 
of  the  basin  between  Chino  and  the  Prado  Flood  Con- 
trol Basin  (plate  4A).  The  confining  layer  was  esti- 
mated to  be  about  100  feet  (30  m)  thick  near  Chino 
(Garrett  and  Thomasson,  1949).  As  in  the  San  Bernar- 
dino artesian  area,  the  confining  layer(s)  were  not  en- 
tirely impermeable  and  leaked  innumerable  places, 
creating  marshes  and  bogs  prior  to  extensive  with- 
drawal of  ground  water  for  irrigation. 
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Bunker  Hill-San  Timoteo  Basin 

The  Bunker  Hill-San  Timoteo  Basin,  which  in- 
cludes the  cities  of  Rialto,  Colton,  Loma  Linda,  Red- 
lands,  and  San  Bernardino,  lies  in  the  rift  between  the 
active  San  Andreas  fault  zone  on  the  northeast  and  the 
active  San  Jacinto  fault  zone  on  the  southwest.  Both  the 
San  Andreas  and  the  San  Jacinto  fault  zones  trend 
northwest  and  are  roughly  1  mile  (1.6  km)  wide 
through  the  San  Bernardino  area.  The  San  Andreas 
fault  has  been  most  recently  active  along  an  alignment 
of  scarps,  trenches,  ridges,  springs,  and  offset  drainages 
on  the  east  side  of  the  larger  zone  and  immediately  ad- 
jacent to  the  San  Bernardino  Mountain  front.  The 
older-appearing  west  side  of  this  zone  is  usually  buried 
by  actively  accreting  alluvial  fan  deposits.  However, 
alignment  of  topographic  highs,  ground-water  barriers, 
and  at  least  one  set  of  magnetic  anomalies  (plate  8) 
suggests  the  presence  of  this  zone.  The  1 ,000-foot  (300 
m)  deep  alluvial  basin  in  the  fault  zone  between  the 
mouths  of  the  Santa  Ana  Wash  and  Mill  Creek  Canyon 
is  also  suggestive  of  a  relatively  wide  zone  (plate  5-B). 

The  most  active  branch  of  the  San  Jacinto  fault 
zone,  the  western  branch,  is  called  the  Claremont  or 
San  Jacinto  fault;  and  within  the  Colton-San  Bernar- 
dino area,  it  is  called  the  Bunker  Hill  dike.  The  Rialto- 
Colton  fault  or  ground-water  barrier  defines  the  west 
side  of  the  Rialto  sub-basin,  which  lies  within  the 
northwest  trending  San  Jacinto  fault  zone.  However, 
the  Rialto-Colton  fault  does  not  appear  as  closely  relat- 
ed to  the  San  Jacinto  fault  as  the  nearly  parallel  Glen 
Helen-Loma  Linda  fault  to  the  east.  Magnetic  and 
seismic  evidence  (plate  8),  as  well  as  the  geometry  of 
the  faults,  suggest  that  the  Glen  Helen  and  Loma  Lin- 
da faults  are  one  and  the  same  fault,  or  a  narrow  fault 
zone,  connecting  in  the  subsurface  or  alluvium 
beneath  the  city  of  San  Bernardino.  It  is  highly  proba- 
ble that  they  are  one  zone,  but  from  the  present  study 
this  could  not  be  determined  conclusively.  Further 
study  will  be  required  to  prove  the  precise  relation- 
ship and  the  potential  hazards  associated  with  this 
portion  of  the  fault  zone. 

A  minor  set  of  northeast-trending  faults  appears  to 
conjugate  to  the  right-lateral  slip  of  the  San  Jacinto  and 
San  Andreas  fault  zones.  These  are  locally  important 
and  commonly  form  one  or  more  ground-water  bar- 
riers, such  as  the  Crafton  Hills  and  Chicken  Hill  faults, 
in  localized  sub-basins. 


photographs  of  the  San  Bernardino  area.  One  linea- 
ment is  subparallel  to  the  San  Andreas  fault  about  1 .25 
miles  (2  km)  southeast  of  Arrowhead  Springs  and 
passes  just  north  of  the  buildings  at  Mitchell  Elemen- 
tary School.  The  quality  of  the  photographs  is  poor; 
however,  one  can  follow  the  feature  diagonally  for 
about  1  mile  ( 1 .8  km)  through  an  orange  grove  and  into 
adjacent  fields.  The  trees  in  the  grove  appear  to  be  dis- 
placed along  the  lineament,  and  several  trees  are  miss- 
ing along  the  trace  of  the  lineament.  Possibly  new  trees 
were  planted  between  old  or  diseased  trees  south  of  the 
lineament  and  the  older  trees  were  removed.  This  is 
suggested  by  the  smaller  size  of  the  trees  on  the  south 
side  of  the  lineament.  Actual  displacement  of  the  grove 
is  debatable.  However,  the  lineament  definitely  indi- 
cates some  type  of  ground  rupture,  possibly  occurring 
during  one  of  the  strong  earthquakes  of  1890,  1899, 
1 907,  or  1 923  that  originated  in  the  immediate  vicinity. 

The  other  lineament  is  east  of  and  subparallel  to 
the  Loma  Linda  fault  and  lies  about  1  mile  east  of  the 
Loma  Linda  Hospital.  The  1928  photographs  show  this 
feature  disturbing  the  alluvium  for  about  1.5  miles  be- 
tween the  Gage  Canal  on  the  north  and  Mission  Road 
on  the  south.  A  projection  of  this  line  to  the  south  goes 
into  the  Holocene  alluvium  of  San  Timoteo  Creek  and 
lines  up  with  a  projection  of  the  main  trace  of  the  Ban- 
ning fault  about  1  mile  southeast  of  the  mouth  of  San 
Timoteo  Canyon.  This  lineament  could  be  related  to 
some  of  the  subsidence  in  the  Loma  Linda  area.  The 
feature  is  still  faintly  visible  on  some  recent  aerial 
photographs  and  resembles  an  abandoned  farm  road.  A 
projection  of  this  lineament  toward  the  south  places  it 
at  the  subsurface  break  in  slope  between  the  rising  base- 
ment complex  and  the  gently  sloping  basal  surface  of 
the  alluvium  (plate  5-B).  Although  the  lineament  may 
be  involved  in  the  stress  created  by  local  ground-water 
related  subsidence,  this  does  not  rule  out  the  possibility 
of  its  being  a  fault.  Hadley  ( 1973)  has  plotted  a  line  of 
microearthquake  epicenters  almost  precisely  along  this 
lineament  (plate  2B).  Hadley's  line  of  seismic  activity 
extends  both  north  and  south  from  this  photographic 
lineament.  Possibly  the  feature  is  a  fault  and  represents 
a  transitional  feature  or  segment  between  the  Banning 
and  Loma  Linda  faults. 


LANDSLIDES  AND 
SLOPE  STABILITY 


The  relief  between  the  crest  of  the  San  Bernardino 
Mountains  and  the  base  of  alluvium  in  San  Bernardino 
is  more  than  1 1 ,000  feet  (3350  m).  The  alluvium  in  the 
Bunker  Hill-San  Timoteo  Basin  has  quite  variable 
thicknesses  in  that  the  region  between  the  two  major 
faults  consists  of  a  series  of  grabens  and  horsts  with 
hills  protruding  above  the  alluvium.  The  maximum 
alluvial  thickness  is  1 ,200  feet  (366  m)  between  the  Na- 
tional Orange  Show  grounds  and  the  west  end  of  Nor- 
ton Air  Force  Base. 


Landslides  are  the  result  of  natural  or  man-aided 
erosional  processes  involving  downslope  transport  of 
unstable  soil  and  rock.  The  speed  of  landslide  move- 
ment ranges  from  tens  of  miles  per  hour  (30-60  kph)  for 
rockfalls,  mud  flows,  and  debris  flows  on  steep  slopes 
to  intermittent  and  almost  imperceptible  creep  on 
gentler  slopes.  Important  factors  influencing  slope 
stability  are  soil  and  rock  types,  moisture,  climate, 
rainfall  intensity,  relief,  geologic  structure,  and  human 
activity. 


Two   distinct   lineaments,   which   suggest   historic 
ground  rupture,  are  evident  on  1928  Fairchild  aerial 


Many  of  the  large  landslides  in  southern  California 
occurred   during   the   last   Pleistocene  glacial   period 
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10,000  to  20,000  years  ago  when  the  rainfall  was  sig- 
nificantly greater  than  at  the  present  time.  Many  of 
these  landslides  are  in  delicate  equilibrium  with  the 
present  hillside  environment  and  are  subject  to  move- 
ment during  wet  cycles  and  earthquakes. 

Morton  (1971)  describes  extensive  surface  land- 
sliding  (rockfalls  and  soil  slumps)  during  the  1971  San 
Fernando  magnitude  6.4  earthquake.  The  1952  Arvin- 
Tehachapi  magnitude  7.7  earthquake  activated  exten- 
sive surface  slides  and  numerous  bedrock  landslides. 
Lawson  and  others  (1908)  described  numerous  land- 
slides of  all  types  resulting  from  the  estimated  mag- 
nitude 8+  1906  San  Francisco  earthquake. 

Because  inactive  landslides  are  usually  in  delicate 
balance  with  their  hillside  environment,  human  ac- 
tivities such  as  excessive  irrigation,  road  construction, 
or  urban  development  can  upset  the  equilibrium  and 
initiate  slope  failure.  These  same  human  activities  can 
also  create  landslides  where  none  has  existed  before. 
Probably  the  greatest  hazard  results  from  failure  to 
recognize  existing  landslides  and  areas  of  potential 
landsliding  prior  to  urban  development.  Once  existing 
and  potential  landslide  areas  are  recognized,  most  can 
be  safely  developed,  avoided,  or  removed.  Landslide 
control  may  then  become  only  a  matter  of  engineering 
economics. 

The  landslides  and  slope  stability  map  (plate  3) 
was  based  on  unpublished  mapping  and  aerial  photo- 
graphic interpretation  by  D.M.  Morton.  The  original 
map  was  prepared  on  7  1/2-minute  1:24,000  scale 
topographic  quadrangles  and  reduced  to  1:48,000 
scale.  Slopes  were  generalized:  (I)  valley  floor,  (II) 
areas  of  low  relief,  (III)  areas  of  moderate  relief,  and 
(IV)  areas  of  high  relief.  Generalized  landslide  suscep- 
tibility was  divided  into  three  categories:  (a)  generally 
devoid  of  landslides,  (b)  low  to  moderate,  and  (c) 
moderate  to  high. 

Landslide  areas  designated  Il-b  generally  are  sub- 
ject to  surficial  soil  slips,  debris  flows,  and  mudflows 
on  local  steep  areas  too  small  to  indicate  at  map  scale 
of  1:48,000.  This  would  typically  include  cliffs  or 
bluffs  along  significant  drainages. 

Areas  designated  Ill-b  or  III-c  and  IV-b  or  IV-c 
contain  rotational  slides,  block  glide  slides,  and  other 
landslide  types  of  significant  size,  as  well  as  small  sur- 
ficial slides  and  flows.  Areas  designated  Ill-a  are  sub- 
ject to  occasional  rockfalls  and  rolling  boulders,  par- 
ticularly during  heavy  rains  and  earthquakes. 

All  hillside  areas  warrant  geologic  analysis,  as  po- 
tential landsliding  exists  to  some  degree  in  almost 
every  hillside  area.  However,  the  entire  Puente-Chino 
Hills  area,  including  about  40  square  miles  of  the  coun- 
ty, is  underlain  by  landslide-prone  marine  rocks.  This 
area,  designated  III-c,  probably  presents  the  greatest 
potential  slope  stability  problem  in  the  study  area. 

In  areas  identified  as  landslide  prone,  no  develop- 
ment should  be  permitted  prior  to  detailed  geologic 
and  soils  analysis  and  the  performance  of  engineering 


measures  required  to  stabilize  each  building  site.  In 
many  localities  of  unstable  slopes,  larger  structures  or 
developments  become  more  feasible  than  smaller  struc- 
tures or  developments,  since  the  smaller  return  on  a 
smaller  project  will  not  justify  the  predevelopment 
costs. 

To  a  lesser  degree  than  in  the  Puente-Chino  region, 
the  steep  mountain  fronts  of  the  eastern  San  Gabriel 
and  southwestern  San  Bernardino  Mountains  present  a 
major  stability  hazard,  particularly  those  areas  adja- 
cent to  the  San  Andreas  and  Glen  Helen  fault  zones 
where  large  masses  of  incompetent  rock  are  elevated  in 
shear  zones. 

Since  these  areas  lie  within  the  National  Forest,  it  is 
assumed  they  will  not  be  developed.  Landslide  areas, 
such  as  the  Mill  Creek  area,  may  present  major 
problems  in  highway  construction  and  maintenance, 
and  debris  may  cause  rapid  filling  in  flood  control 
structures  downstream.  Landslide  areas,  labeled  III-c 
on  plate  3,  could  have  serious  effects  on  large  dams 
and/or  reservoirs  for  water  storage  or  electrical  power 
generation,  or  even  on  appurtenant  pipelines  and 
transmission  lines  (Fife,  1968). 

Landslide  deposits  are  frequently  source  areas  for 
large  debris  flows  or  mudflows  occurring  during 
periods  of  heavy  rainfall,  particularly  after  the  vegeta- 
tive cover  has  been  stripped  by  fire. 


GROUND  WATER 


Water-Table  Conditions,  1880-1972 

The  western  margin  of  the  basin  between  Chino 
and  the  Prado  Flood  Control  Basin  contains  one  of  the 
most  important  zones  of  artesian  ground  water  in  the 
study  area  (plate  4A).  The  confining  layer  was  esti- 
mated to  be  about  100  feet  (30  m)  thick  near  Chino 
(Garrett  and  Thomasson,  1949).  As  is  also  true  in  the 
San  Bernardino  artesian  area,  the  confining  layer(s)  in 
the  Chino  basin  were  not  entirely  impermeable,  and 
seepage  in  innumerable  places  created  marshes  and 
bogs  prior  to  the  extensive  removal  of  ground  water  for 
irrigation.  Plates  4A  and  4B  depict  the  high  water  table 
of  the  late  1800s  just  before  the  impact  of  irrigation  and 
urban  demand  on  the  local  water  resources.  During  the 
late  1800s  Etiwanda  Creek  flowed  perennially  5  miles 
out  of  the  mountains  to  the  valley  floor  near  the  present 
site  of  the  Kaiser  Steel  Company  mill.  Lytle  Creek 
flowed  perennially  from  the  north  of  Lytle  Creek  can- 
yon to  the  San  Ana  River. 

On  depth-to-ground-water  maps,  plates  4A  and 
4B,  the  contours  southwest  of  the  San  Jacinto  fault  zone 
show  the  depth  to  water  for  fall  1960  (California 
Department  of  Water  Resources,  published  maps, 
1970a),  and  contours  northeast  of  the  San  Jacinto  fault 
show  the  depth  to  water  for  fall  1972  (Lavarty,  un- 
published data,  1973). 
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Photo  16  Urban  expansion  into  the  San 
Andreas  fault  zone  near  Waterman  Ca- 
nyon Note  the  potential  hazard  from  water 
tank  failure  above  subdivision  (arrow) 
Photo  by  Rasmussen  and  Associates, 
Rialto. 


Photo  17.  Landslide  in  marine  sedimen- 
tary rocks  of  the  Puente  Hills  The  casual 
observer  may  miss  the  subdued  outline 
and  low  profile  of  the  landslide  Probably 
the  greatest  hazard  results  from  failure  to 
recognize  existing  landslides  and  areas  of 
potential  landsliding  prior  to  urban 
development  Photo  by  Donald  L  Fife, 
1974 


Photo  18  Close-up  of  small  landslide 
shown  in  photo  16  The  slide,  which  is 
poorly  defined  in  the  upper  portion,  has 
diverted  the  drainage  and  practically 
blocked  the  canyon  If  the  potentially 
hazardous  areas  are  recognized  in  the 
planning  stage,  they  can  often  be  safely 
developed,  avoided,  or  removed  Photo  by 
Donald  L.  Fife,  1974. 
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The  depth  to  ground  water  fluctuates  and  varies  in 
lation  to  precipitation  and  ground-water  manage- 
ent.  Plates  4A  and  4B  illustrate  the  typical  condition 
'  lower  water  level  resulting  from  the  great  demand 
r  water  in  the  last  few  decades. 

The  high  water-level  conditions  shown  on  plates 
\  and  4B  will  not  return  as  long  as  the  Upper  Santa 
na  Valley  remains  as  populous  as  today.  However, 
iring  very  wet  years,  there  will  be  short  periods  when 
wland  areas  will  be  subjected  to  standing  surface 
ater  and  shallow-water  tables.  One  problem  com- 
icating  ground-water  management  is  that  artesian 
juifers  apparently  act  as  hydraulic  systems.  The  water 
vels  rise  hydraulically  in  the  lower  end  of  the  con- 
ned aquifer  soon  after  the  water  enters  the  upslope 
•ea  of  infiltration.  This  is  contrasted  with  water  flow- 
g  in  a  normal  free  ground-water  table,  where  it  may 
ke  1  to  4  years  to  affect  the  downslope  water  level. 

In  the  Bunker  Hill-San  Timoteo  Basin,  the  San 
ernardino  Municipal  Water  District  will  manage  the 
ater  supply  starting  in  1978  by  storing  imported  water 
»  ground  water  in  the  alluvium  east  of  the  San  Jacinto 
ult.  This  ground  water  can  pass  over  the  fault  into  the 


Santa  Ana  River  whenever  the  water  level  rises  to  ap- 
proximately the  980-foot  (300  m)  elevation  (Wood- 
ward-Lundgren  and  Associates,  1973a,b,c).  When  the 
ground  water  reaches  about  the  1030-foot  (314  m) 
elevation  near  the  Santa  Ana  River  channel,  springs 
develop  and  the  ground  water  passes  downstream  over 
the  San  Jacinto  fault  and  out  of  the  local  water  district. 
The  water  district  will  control  the  imported  water  to 
prevent  unnecessary  loss  over  the  1030-foot  (314  m) 
elevation  because  water  rising  above  this  level  may 
create  flooding  of  basements  and  shopping  areas  in  the 
lower  portions  of  San  Bernardino.  Loss  of  ground 
water  would  also  be  loss  in  revenues  to  the  Water  Dis- 


trict. 


Liquefaction  Hazard 


v/ 


Inspection  of  the  U.S.  Corps  of  Engineers  .and  San 
Bernardino  County  Flood  Control  District's  excava- 
tions for  the  Lytle  Creek-Warm  Springs  project 
through  the  downtown  San  Bernardino  and  adjacent 
areas  during  the  summer  of  1973  revealed  numerous 
areas  of  perched  water  tables.  Perched  water  tables 
usually  are  within  5-20  feet  (1.5-6  m)  below  the  surface 


Photo  19  Probable  evidence  of  a  seis- 
mically  induced  "sand  boil"  suggesting 
liquefaction  conditions  in  Colton-San Ber- 
nardino area  before  urbanization.  The  un- 
consolidated sands  and  gravels  shown 
here  are  typical  of  the  alluvial  filled  chan- 
nels in  the  San  Bernardino  area  and  re- 
present a  liquefaction  hazard  when  satur  - 
ated  Photo  by  Oscar  Huber,  Riverside, 
1971. 
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d  result  from  irrigation  of  lawns  and  other  urban 
es.  The  area  affected  by  the  shallow,  perched  water  is 
tremely  varied  and  impossible  to  map  adequately  on 
e  regional  scale  of  the  present  study.  However,  in  the 
ent  of  a  major  earthquake,  these  areas  of  perched 
iter  present  a  liquefaction  hazard,  particularly  to 
rge  structures.  The  areas  of  possible  hazards  can  be 
aluated  only  by  detailed  site  investigation. 

Comparisons  between  water  levels  in  1880  and 
>60-70  (plates  4A  and  4B)  show  the  immense  change 
the  water  table  over  a  period  of  75  years.  Most  of  the 
arshes  or  areas  of  permanent  standing  water  in  the 
lley  during  the  late  1800s  were  at  least  partially  the 
suit  of  leakage  from  the  artesian  aquifers.  One 
:neficial  result  of  the  lowering  of  the  water  table  over 
e  last  75  years  has  been  the  reduction  of  the  liquefac- 
>n  hazard  in  the  lowland  areas.  However,  lowering  of 
e  water  table  has  produced  subsidence. 


SUBSIDENCE 

Subsidence  has  become  apparent  in  many  parts  of 
alifornia  since  about  1940.  The  principal  cause  has 
een  the  removal  of  large  volumes  of  subsurface  fluids, 
articularly  oil  and  water.  This  man-induced  subsi- 
ence  may  occasionally  be  superimposed  on  tectonic 
ibsidence  commonly  associated  with  large  sedimen- 
iry  basins  in  seismically  active  regions  like  southern 
alifornia.  Poland  and  Davis  (1969)  and  Lofgren 
1965)  have  summarized  the  mechanics  and  case  histo- 
es  of  subsidence. 

Thick,  poorly  consolidated  alluvial  deposits,  such 
s  those  found  in  rapidly  filling  basins  in  southern 
'alifornia,  may  be  subjected  to  subsidence  if  a  large 
olume  of  water  is  removed.  Even  relatively  small  per- 
entages  of  montmorillonite  clay,  micaceous  minerals, 
r  organic  debris,  if  present,  will  increase  the 
ossibilities  for  subsidence.  One  of  the  greatest  poten- 
ial  subsidence  problems  involves  aquifers  within  arte- 
ian  areas.  The  amount  of  subsidence  that  a  confined 
quifer  system  will  experience  is  a  function  of  soil  par- 
icle  size,  shape,  and  mineralogy;  geochemistry  of  pore 
/ater  and  of  water  in  contiguous  aquifers;  and  com- 
-ression  (Poland  and  Davis,  1969). 

Subsidence  may  be  alleviated  by:  ( 1 )  stopping  with- 
rawal  of  fluids,  (2)  restoring  aquifer  pressure  by  slow- 
ig  withdrawal,  or  (3)  repressuring  with  fluid  injection. 

The  effects  of  local  subsidence  in  the  Upper  Santa 
vna  Valley  region  were  first  noticed  in  the  mid-1960s, 
-ofgren  (1971)  and  Miller  and  Singer  (1971)  reviewed 
he  available  leveling  and  ground-water  data  in  order 
d  define  the  magnitude  and  location  of  subsidence  as 
f  1970  and  to  assess  the  potential  for  further  subsid- 
nce.  As  with  other  southern  California  areas  where 
round  water  has  been  mined — that  is,  more  water  has 
een  extracted  than  is  replenished  naturally — subsid- 
nce  was  confirmed.  It  was  found  that  at  least  1  foot  of 
ubsidence  had  occurred  in  the  artesian  area  im- 
lediately  north  of  Loma  Linda  between  the  San  Jacin- 
o  and  Loma  Linda  faults  (figure  3). 


Lofgren  (1971)  addressed  his  study  to  postulated 
lowering  of  the  water  table  through  partial  mining  and 
the  effect  of  lowering  the  ground  water  during  the 
period  1965-2015  in  the  Upper  Santa  Ana  Valley.  He 
was  limited  by  lack  of  ground-water  data  and  par- 
ticularly by  the  lack  of  first-order  survey  data.  Figure  3 
summarizes  his  findings.  The  Upland-Ontario  area 
could  have  from  0.8  to  1.5  feet  (0.24-0.45  m)  of  subsi- 
dence. Generally,  the  greater  the  lowering  of  the  water 
table,  the  greater  the  amount  of  subsidence.  The  areas 
where  further  subsidence  can  be  expected  roughly  cor- 
respond to  the  areas  underlain  by  the  thicker  alluvium 
(shown  on  plates  5A  and  5B)  or  by  highly  compressible 
artesian  aquifers  (shown  in  detail  on  plates  4A  and  4B). 
The  greatest  potential  for  subsidence,  5.8  feet  ( 1 .78  m), 
is  indicated  for  the  former  artesian  area  just  north  of 
Loma  Linda. 

As  a  result  of  the  studies  of  estimated  subsidence  as 
well  as  other  considerations,  local  San  Bernardino 
agencies  have  chosen  to  spread  sufficient  imported 
water  to  recharge  the  ground-water  aquifers  to  about 
1940  water  levels  (Rowe,  personal  communication, 
1973)  and  thus  halt  or  impede  further  subsidence. 
Stored  water  might  also  help  alleviate  a  water  shortage 
if  the  imported  supply  was  interrupted  during  a  signifi- 
cant earthquake. 

Probably  several  parts  of  the  study  area  have  un- 
dergone subsidence  during  earlier  years  of  heavy 
ground-water  withdrawal.  Large  cracks  formed  in  the 
Yucaipa  area  in  the  years  following  heavy  withdrawal 
of  water  for  irrigation  (Burnham,  personal  communica- 
tion, 1973).  The  cracks  could  have  been  the  result  of 
ground  water  withdrawal  or  possibly  hydrocompac- 
tion.  About  600  acres  (240  hectares)  are  underlain  by 
artesian  aquifers  in  Yucaipa. 

A  north-south  trending  fissure  immediately  north 
of  the  California  Institution  for  Men  at  Chino  lies  with- 
in the  Chino-Prado  artesian  belt  and  probably  repre- 
sents an  active  subsidence  feature  (Morton,  personal 
communication,  1 974).  This  suggests  that  the  1 2,000  to 
14,000  acres  (4,900  to  5,700  hectares)  overlying  the 
old  artesian  belt  has  subsided  or  is  undergoing  subsi- 
dence. An  area  of  11,000  to  17,000  acres  (4,500  to 
6,900  ha)  overlies  the  San  Bernardino  artesian  area, 
which  may  be  subsiding. 

Within  the  study  area,  there  is  not  enough  informa- 
tion to  provide  the  true  detailed  picture  of  subsidence 
problems.  More  first-order  surveys,  field  investiga- 
tions, and  ground-water  studies  are  needed  to  identify 
hazardous  subsidence  areas. 

Subsidence  affects  structures  sensitive  to  slight 
changes  in  elevation,  such  as  highways,  canals, 
pipelines,  drains,  sewers,  and  particularly  hydraulic 
structures  subject  to  high  pressures.  Subsidence  com- 
monly occurs  in  such  slight  magnitude  and  over  such 
large  areas  that  it  is  not  perceptible  to  an  observer 
unless  there  is  a  means  of  reference.  Change  is  usually 
uniform  over  a  large  area  and  does  not  generally  cause 
damage  to  relatively  small  structures. 
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Surface  displacement  along  pre-existing  fault 
planes  has  been  reported  in  Texas  (Poland  and  Davis, 
1969)  and  in  the  San  Jacinto  Valley  15  miles  (24  km) 
south  of  the  study  area  (Fett  and  others,  1967).  Subsid- 
ence in  these  areas  is  associated  with  ground-water 
withdrawal  along  pre-existing  fault  planes.  Surface  dis- 
placement has  caused  large  cracks  to  develop  which 
damage  structures  situated  across  them.  Similar  verti- 
cal displacements  are  a  possibility  in  the  study  area  if 
subsidence  is  allowed  to  continue.  In  subsiding  areas, 
shaking  during  an  earthquake  would  probably  result  in 
lurch  cracks  and  acceleration  of  the  consolidation  pro- 
cess. 


GEOPHYSICAL  SURVEYS 


typical  of  deeper-seated  sources.  Anomalies  in  man 
parts  of  the  area  were  caused  by  man-made  structure! 
even  though  an  attempt  was  made  to  avoid  these  objecl 
in  the  field. 

In  the  southern  portion  of  the  area  in  and  near  th 
Santa  Ana  River  wash,  several  sharp  changes  of  maj 
netic  intensity  levels  are  shown  on  each  of  three  maj 
netic  lines  (M-l,  M-4,  and  M-5),  suggesting  different 
in  type  of  alluvium,  and  possibly  faulting.  On  one  liti 
(M-l)  at  least  three  of  these  anomalies  appear  to  be  1< 
cated  above  possible  traces  of  the  San  Jacinto  fau 
(anomalies  1  and  2)  and  the  Loma  Linda  fau 
(anomaly  3).  The  magnetic  high  shown  between  thes 
two  faults  on  line  M-l  could  indicate  a  thickening  < 
the  alluvium  or  shallower  than  normal  bedrock. 


The  objective  of  the  geophysical  program  conducted 
as  part  of  the  geological  investigation  in  the  San  Ber- 
nardino area  was  to  locate  concealed  segments  of  the 
San  Andreas,  San  Jacinto,  Glen  Helen,  Loma  Linda, 
Chino,  and  possibly  other  fault  systems  beneath  the 
alluvium  in  selected  areas  and  to  determine  fault  trends 
and  thickness  of  alluvium. 

Geophysical  Data 

Geophysical  data  discussed  in  this  report  consist  pri- 
marily of  the  results  of  magnetic  and  seismic  surveys 
conducted  in  the  San  Bernardino  Valley  area  by  the 
California  Division  of  Mines  and  Geology  (plate  8).  A 
regional  gravity  study  of  the  San  Bernardino  area 
(Willingham,  1968)  and  a  few  gravity  profiles  located 
in  the  northern  part  of  the  area  (California  Department 
of  Water  Resources,  1966)  were  also  used.  Since  the 
geophysical  work  was  done  in  limited  areas,  it  is  very 
likely  that  additional  geophysical  work  would  reveal 
further  evidence  of  buried  faults. 


Magnetic  Survey 


Method 


A  Jalander  vertical  component  magnetometer  with  a 
maximum  reading  sensitivity  of  10-15  gammas  was 
used  for  the  survey.  Approximately  20  miles  (32  km)  of 
line  was  traversed  using  100-foot  (30  m)  station  inter- 
vals (plate  8).  Many  of  the  lines  were  located  in  the  Ly- 
tle  Creek-Cajon  Creek  wash  and  the  Santa  Ana  River 
area.  Traverses  (M-7  and  M-9)  were  run  near  Patton 
State  Hospital  to  detect  branches  of  the  San  Andreas 
fault.  One  long  traverse  (M-8)  was  run  across  the 
Prado  Flood  Control  Basin  to  check  for  the  possible 
extension  of  the  Elsinore  fault  system  and  other  fault- 
ing that  had  not  been  previously  identified. 

Results 

Many  magnetic  anomalies  discussed  in  this  report 
are  abrupt  changes  in  magnetic  intensity  levels.  Some 
of  these  anomalies  are  as  much  as  200  gammas  in 
amplitude,  but  most  are  less  than  100  gammas.  These 
relatively  sharp  changes  suggest  a  magnetic  source  less 
than  500  feet  (150  m)  in  depth  and  perhaps  even  pre- 
sent at  ground  surface.  Other  anomalies  show  forms 


The  exact  position  of  anomaly  3  on  line  M-l  : 
unknown  due  to  interference  from  the  Waterman  Roa 
overcrossing  structure.  However,  its  approximate  Iocj 
tion  suggests  it  may  mark  the  Loma  Linda  fault.  O 
line  M-4  the  magnetic  intensity  level  change  anomaly 
is  probably  correlative  with  anomaly  3  on  line  M-] 
This  alignment  corresponds  approximately  to  a  poss 
ble  trace  of  the  San  Jacinto  fault.  The  three  anomalU 
labeled  1  on  lines  M-l ,  M-4,  and  M-5  may  possibly  h 
the  magnetic  indications  of  a  branch  of  the  San  Jacint 
fault  even  though  the  level  change  at  anomaly  1  on  lin 
M-4  is  in  the  reverse  direction  compared  to  the  oth< 
two. 

In  the  Lytle  Creek  and  Cajon  Creek  washes,  line 
M-2  and  M-6  extend  northeasterly  from  Riversid 
Avenue  toward  the  San  Andreas  fault  system.  Line  M- 
is  farther  southeast  and  is  in  the  Lytle  Creek  drainag< 
In  the  southwest  part  of  line  M-6  southwest  of  Verd< 
mont  Boys  Ranch,  a  broad  magnetic  high  peaks  nea 
Station  2000.  The  sharp  change  in  magnetic  intensity  i 
anomaly  1  on  line  M-6  just  northeast  of  the  ranch  ar, 
pears  near  the  alluvium-granite  contact  and  indicate 
either  a  fault  at  this  location  or  alluvial  material,  whic 
is  more  magnetic  than  the  granite.  Two  othe 
anomalies,  2  and  3,  at  the  extreme  northeast  end  of  lin 
M-6,  are  thought  to  be  magnetic  indications  of  tw 
traces  of  the  San  Andreas  fault  system.  Anomaly  4  o 
line  M-6  is  not  easily  recognizable  because  of  intei 
ference  from  other  anomalies,  but  its  location  ma 
mark  a  trace  of  the  Glen  Helen  fault.  On  magnetic  lin 
M-2,  the  magnetic  anomaly  identified  as  1  is  im 
mediately  northeast  of  Interstate  1 5.  This  is  believed  t 
indicate  a  fault,  but  the  trend  of  the  presumed  fault  i 
unknown.  Anomalies  2,  3,  and  4  probably  represer 
multiple  traces  of  the  San  Andreas  fault  system.  Tw 
distinct  magnetic-level  changes  occur  on  line  M-: 
namely  anomalies  1  and  2,  which  may  indicate  faul 
traces  of  the  San  Jacinto  system. 

Two  magnetic  traverses  (M-7  and  M-9)  on  eithe 
side  of  Patton  State  Hospital,  each  show  one  dominar 
anomaly,  numbered  1.  These  magnetic  intensit 
changes  are  probably  caused  by  a  trace  of  the  Sa 
Andreas  fault  system.  Anomaly  2  on  line  M-9  coul 
represent  a  change  in  the  type  of  alluvium,  possibly  du 
to  a  fault. 
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Magnetic  traverse  M-8  crosses  the  Prado  Flood 
Control  Basin.  The  magnetic  intensity  values  show  a 
general  increase  from  the  west  end  of  this  line  (surface 
race  of  the  Chino  fault)  towards  the  east  with  a  sharp 
ncrease  at  Station  11000,  a  maximum  intensity  near 
Station  1 3000,  and  a  return  to  the  base  level  at  about 
station  16000.  The  relatively  large  anomaly  located 
jetween  anomalies  3  and  4  on  this  line  on  plate  10  pro- 
bably represents  near-surface  crystalline  basement 
resulting  from  near-vertical  uplift  of  crystalline  rock 
along  the  west  margin  of  the  Perris  Block  (plate  6, 
Geologic  Section  D-D').  The  two  anomalies  on  the  west 
half  of  the  line,  1  and  2,  may  represent  additional  faults 
of  unknown  significance  within  the  Chino-Corona  seg- 
ment of  the  Elsinore  fault  zone. 

Magnetic  line  M-10,  in  the  Loma  Linda  area,  is 
parallel  to  and  about  100  feet  (30  m)  north  of  seismic 
line  S-7.  No  magnetic  anomalies  were  identified  even 
:hough  the  Loma  Linda  fault  is  projected  through  this 
area. 

Gravity  Data 

Gravity  data  in  the  San  Bernardino  Valley  area  were 
;ompiled  and  interpretated  by  Willingham  (1968).  He 
itilized  a  two-dimensional  analysis  of  the  gravity  data 
:o  estimate  the  configuration  of  the  basement  rock  sur- 
face beneath  the  valley  and  to  locate  the  position  of  the 
najor  faults.  An  examination  of  his  study  indicates  that 
:he  basement  rock  configuration  presented  is  only  ap- 
Droximated,  In  fact,  Willingham  (1968,  p.  38)  notes  an 
;rror  of  approximately  1 ,000  feet  (300  m)  at  one  point, 
rhe  primary  reasons  for  this  lack  of  accuracy  are  pro- 
?ably  insufficient  subsurface  control  and  the  presence 
Df  basement  rocks  that  are  characterized  by  large 
differences  in  density. 

An  attempt  was  made  to  improve  the  analysis  of  the 
gravity  data  by  utilizing  a  three-dimensional  in- 
terpretational  technique  to  determine  basement  rock 
:onfiguration  more  accurately.  This  was  found  to  be 
impractical,  however,  because  of  the  limited  geological 
:ontrol.  Additional  subsurface  control  data,  either 
drill  hole  or  seismic  or  both,  and  detailed  gravity  sta- 
tions are  needed  before  a  more  accurate  interpretation 
of  the  present  data  can  be  prepared. 

A  few  detailed  gravity  profiles  were  surveyed  by  the 
California  Department  of  Water  Resources  (1966)  in 
the  northern  part  of  the  study  area  between  the 
Shandlin  Hills  and  Verdemont.  Two  gravity  lines  show 
anomalies,  each  about  1  milligal  or  less  in  amplitude, 
that  may  represent  the  Glen  Helen-Loma  Linda  fault 
(lines  I  and  IV,  plates  6  and  7,  Department  of  Water 
Resources,  1966).  The  anomaly  on  line  I  corresponds 
closely  to  a  magnetic  anomaly  4  on  line  M-6  (plate  8), 
and  the  anomaly  on  line  4  corresponds  to  seismic 
anomaly  1  on  line  S-3  (plate  8). 


Seismic  Refraction  Survey 


Method 


The  seismograph  used  was  a  Midwestern  Geophysi- 
cal Laboratory  instrument  produced  in  the  early  1 950s. 


It  consists  of  three  separate  units:  a  high-voltage  power 
supply,  an  amplifier,  and  an  oscillograph  (camera) 
which  recorded  on  6-inch  (15.2  cm)  wide  sensitive 
paper.  A  geophone  cable  was  connected  to  the 
amplifier  unit.  In  the  configuration  used,  the  cable  was 
550  feet  ( 1 67  m)  long  with  geophone  stations  at  50-foot 
(15  m)  intervals. 

The  energy  source  for  this  program  was  a  375 -pound 
(170  kg)  steel  cylinder  which  was  dropped  from  a 
height  of  4  feet  (1.22  m)  onto  a  16  x  16  x  1  inch  (41  x41 
x  2.5  cm)  steel  ground  coupling  plate.  The  coupling 
plate  was  positioned  about  4  inches  (10  cm)  from  the 
end  geophone,  giving  an  effective  zone  time  reference. 

The  seismic  traverses  were  aligned  as  nearly  perpen- 
dicular to  the  expected  fault  alignment  as  could  be 
reasonably  accommodated  in  the  field.  Most  of  the  tra- 
verses were  about  0.25  mile  (0.4  km)  in  length. 

If  data  were  weak  or  noisy  on  the  far  geophones, 
several  options  were  available.  Some  stations  on  the  ex- 
isting cable  could  be  removed  to  obtain,  for  example,  a 
9-station  spread,  or  a  shorter  length  cable  could  be 
used  with  closer  geophone  spacing,  for  example,  a  275- 
foot  (84-m)  cable  with  25-foot  (7.6-m)  geophone  spac- 
ings.  Both  alternatives  were  tried  with  general  success. 

Results 

Layers  with  three  dominant  seismic  velocity  ranges 
were  detected,  as  shown  on  the  seismic  sections.  The 
severely  weathered  near-surface  velocity  layer, 
1000-2000  feet  per  second  (fps)  (300-370  mps),  varies 
in  thickness  from  about  15  to  50  feet  (4.6-15  m).  The 
intermediate  velocity  layer,  2000-2500  fps  (600-760 
mps),  underlies  the  near-surface  layer  and  apparently  is 
dry,  rather  loosely  compacted  alluvium  with  a  thick- 
ness of  about  50  to  1 50  feet  ( 1 5-46  m).  The  highest  and 
deepest  velocity  layer  observed,  6000-8000  fps 
( 1 800-2400  mps),  could  be  a  consolidated  sandstone  or 
shale,  occurring  at  a  minimum  depth  of  approximately 
40  feet  (12  m)  at  Glen  Helen  Regional  Park  and  reach- 
ing a  maximum  depth  of  200  feet  (60  m)  as  determined 
on  line  S-2  at  Muscoy.  The  4000  fps  (1200  mps) 
velocity  layer  detected  on  line  S-3  could  be  compacted 
older  alluvium  or  terrace  material  or  a  highly  fractured 
rock  unit,  such  as  decomposed  granite. 

Seismic  line  S-l  crosses  the  Glen  Helen  fault 
(anomaly  1),  as  shown  by  a  10-foot  (3  m)  vertical  dis- 
placement of  the  8000  fps  (2400  mps)  layer.  The  local 
alluvium  was  35  to  40  feet  (11  to  12  m)  thick  west  of 
the  postulated  fault  and  45  to  50  feet  (14  to  15  m)  thick 
east  of  the  fault.  Also,  the  velocity  of  the  intermediate 
layer  (second  below  surface)  is  shown  as  increasing 
from  5500  fps  to  7500  fps  (1680  mps  to  2290  mps)  as 
one  crosses  this  postulated  fault,  east  to  west.  This 
velocity  change  suggests  a  change  of  rock  type,  or  possi- 
bly the  same  rock  type  with  one  side  being  sheared  or 
crushed  causing  a  lower  seismic  velocity. 

Two  lines  in  the  Muscoy  area  (S-2  and  S-3)  were 
both  1650  feet  (500  m)  in  length  with  east-west  trend. 
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On  each  of  these  lines,  the  deepest  layer  terminated 
west  of  Station  550.  This  termination  (anomaly  1  on 
both  lines)  was  considered  as  evidence  of  faulting.  The 
depth  to  bedrock  on  line  S-2  was  200  feet  (60  m).  The 
top  of  the  deepest  refracting  layer  on  line  S-3  was 
slightly  deeper  than  100  feet  (30  m).  This  4000  fps 
(1200  mps)  layer  normally  would  not  be  considered 
bedrock,  although  it  could  be  a  highly  weathered  base- 
ment rock. 

The  interpretations  of  two  seismic  sections  in  the  city 
of  San  Bernardino  (S-4  and  S-5)  are  based  on  very 
limited  data.  Reliable  data  were  used  to  determine  the 
depth  to  the  top  of  the  intermediate  layer  2000  fps 
(1600  mps).  The  depth  to  this  layer,  which  is  probably 
dry  alluvium,  was  in  the  range  of  15  to  25  feet  (4.6  to 
7.6  m).  Below  this  layer,  a  limited  amount  of  poor- 
quality  data  indicated  the  presence  of  a  deeper 
6000-8000  fps  (1800-2400  mps)  layer,  and  suggested 
subsurface  changes  which  could  represent  faulting.  The 
anomalies  identified  as  1  on  each  line  mark  the  location 
of  possible  faults. 

Near  Tri-City  Airport,  line  S-6  had  a  consistent 
5000-fps  (1500-mps)  velocity  layer  at  a  depth  of  50  to 
60  feet  (15  to  18  m),  from  Station  0  to  Station  1 100. 
This  5000-fps  ( 1 500-mps)  layer  may  be  coincident  with 
the  water  table  depth.  The  termination  of  this  layer, 
anomaly  1,  just  east  of  Station  1 100,  may  represent  the 
Loma  Linda  fault.  It  was  only  500  to  700  feet  (150  to 
210  m)  southeast  from  a  significant  magnetic  anomaly 
on  magnetic  line  M-l,  in  the  vicinity  of  Waterman 
Street  overcrossing. 

Seismic  line  S-7,  southeast  of  the  Loma  Linda  Coun- 
ty Hospital,  crossed  the  projection  of  the  Loma  Linda 
fault.  The  deepest  layer  reached  by  the  seismic  survey 
on  this  line  had  a  velocity  of  about  4000  fps  (1200 
mps).  Depths  and  velocities  of  the  shallower  refracting 


layers  are  believed  to  be  accurate.  If  the  fault  underlies 
seismic  line  S-7,  it  was  not  detected. 

Because  all  of  the  seismic  refraction  lines  except  S-7 
show  evidence  that  may  represent  faults,  a  line  repre- 
senting the  possible  Glen  Helen-Loma  Linda  fault 
trend  was  drawn  through  the  anomalous  points  from 
S-l  to  S-6  (plate  10). 

Additional  Work 

Additional  seismic  refraction  traverses  should  be 
made  along  the  Glen  Helen-Loma  Linda  fault  trend. 
Additional  traverses  are  needed  to  fix  its  position,  to 
detect  possible  splits  and  offshoots,  and  to  locate  other 
buried  portions  of  the  San  Jacinto  fault  system, 
especially  in  the  alluviated  areas. 

If  the  seismic  lines  are  to  be  located  in  the  Lytle 
Creek,  Cajon  Creek,  or  Santa  Ana  River  washes,  porta- 
ble seismic  equipment  and  high-energy  nonexplosive  or 
explosive  energy  sources  would  be  needed.  An  addi- 
tional nonexplosive  refraction  program  might  be  plan- 
ned on  a  trial  basis.  The  lines  should  be  located  several 
blocks  away  from  freeways  and  heavily  traveled  roads 
to  avoid  spurious  high  noise  levels. 

SEISMICITY 


Damaging  Historic  Earthquakes 

The  area  has  been  subjected  to  numerous  damaging 
events  in  the  last  200  years,  including  the  1  857  Fort  Te- 
jon  earthquake,  one  of  the  largest  events  in  California's 
history  (table  1).  In  addition,  much  damage  in  the 
study  area  has  been  caused  by  earthquakes  originating 
outside  the  area.  This  area  will  undoubtedly  continue 
to  sustain  damage  from  earthquakes. 


Table  1.      Historic  earthquakes  greater  than  Modified  Meroalli   VI,    1769-1972. 


Date 


Estimated  Estimated  or         Local 

epicenter  observed         magnitude 

intensity 
at  epicenter 


Damage 


1769  July  28 

Unknown 

8(? 

1812  Dec  8 

Offshore 

VIII-IX 

- 

1812  Dec  21 

Off  Santa  Bar- 
bara coast 

X 

- 

1852  Nov  27-30 

Big  Pine  fault 

X(?) 

- 

1855  July  10(11?) 

Unknown 

VIII 

- 

1857  Jan  9 

35°N.,  119°W., 

X-XI 

8+ 

near  Fort  Tejon  on 

(esti- 

San Andreas  fault 

mated) 

1889  Aug  27 

34°N.,  118°W. 

VI 

- 

1890  Feb  9 

34°N.(  117. 5°W. 
(on  San  Jacinto 
fault) 

VI  + 

~ 

1899  July  22 

34.5°N.,  117. 5°W. 
(on  San  Andreas 
fault) 

VIII 

~ 

Unknown. 

Mission  San  Gabriel,  Los  Angeles  County. 

Probably  would  have  caused  damage. 

Surface  faulting(?)  in  Lockwood  Valley. 
Could  have  damaged  San  Bernardino. 

Mission  San  Gabriel,  Los  Angeles  County. 
Could  have  damaged  San  Bernardino. 

San  Bernardino;  possible  fault  breakage 
on  San  Andreas  and  San  Jacinto  faults. 

Pomona;  probably  also  in  study  area. 
Pomona;  probably  also  in  study  area. 


San  Bernardino,  Highland,  and  Patton; 
and  near  Mitchell  Elementary  School  (?) 
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Table  1.     Historic  earthquakes  greater  than  Modified  Mercalli  VIt    1769-1972.    (continued) 


Date 


Estimated  Estimated  or         Local 

epicenter  observed         magnitude 

intensity 
at  epicenter 


Damage 


1899  Dec  25 
1907  Sept  19 
1918  April  12 

1918  April  22 

1923  July  22 


33.5°N.,  116. 5°W. 
(on  San  Jacinto 
fault) 

34°N.,  117°W. 
(on  San  Andreas 
fault) 

33.75°N.,  117°W. 
~(on  San  Jacinto 
fault) 

34°N.,  117. 5°W. 
(on  Whittier 
fault,  Elsinore 
fault) 

34°N.,  117.25°W. 


1930  Jan  15  (2)    34.2°N.,  116. 9°W. 


1948  Dec  4 

1965  April  15 

1968  April  8 

1970  Sept  12 

1971  Feb  9 


33.9°N.,  116. 4°W. 
(on  San  Andreas 
fault) 


34.7°N.,  117. 5°W. 
(San  Andreas 
fault) 

33.2°N.,  116. 1°W. 


34.3°N.,  117. 5°W. 
(San  Andreas  or 
San  Jacinto 
faults) 

34.40N.,  118. 4°W. 
(San  Fernando 
fault) 


IX 


VII 


VI-VII 
(in  San  Bern- 
ardino, Redlands, 
and  Riverside) 


VI 


VII 
(in  San  Bern- 
ardino, Patton, 
Harlem  Springs, 
and  Redlands) 

VII 
(VI  near  San 
Bernardino) 

VII 
(VII  near  Desert 
Hot  Springs;  VI 
in  San  Bernar- 
dino) 

VI 
(VI  in  San 
Bernardino 
Valley) 

VII 
(VI  in  study 
area) 

VII 
(VI-VII  through- 
out study  area) 

VIII-XI 
(VI  in  study 
area) 


Study  area.  Landslides,  lurch  cracks, 
and  probable  surface  faulting  near  Hemet, 
Riverside  County. 

San  Bernardino,  Redlands,  and  San 
Jacinto. 


6.8    Damage  centered  in  San  Jacinto  Valley. 
Lurch  cracks  in  downtown  San  Jacinto; 
possible  surface  faulting. 

Corona;  probably  also  study  area. 


6.25   Damage  to  schools  in  San  Bernardino. 


5.2  and  Study  area. 
5.1 


6.5±   Study  area. 


4.5    Study  area. 


6.4    Study  area. 


5.4    Study  area. 


6.4    Study  area.  Masonry  water  tank  on 
Yorba-Slaughter  Ranch  collapsed. 
Damage  to  plaster  in  Colton  and  San 
Bernardino. 


Adapted  from  Coffman  and  von  Hake  (1973),  Hileman  and  others  (1974),  Townley  and  Allen  (1939),  Richter 
(1958),  and  Scott  (1971). 


Instrumental  Data 

Plate  7  shows  epicenters  of  earthquakes  with  mag- 
litude  4  and  greater  that  occurred  in  southern  Califor- 
lia  from  1910  through  1971 .  The  epicenters  were  com- 
Diled  from  lists  by  the  University  of  California 
seismograph  stations  and  the  Seismological  Laborato- 
ry of  the  California  Institute  of  Technology.  The  ac- 
curacy of  the  epicenters  shown  on  this  map  varies  from 
several  tens  of  kilometers  for  the  earlier  events  to  a  few 
kilometers  for  most  of  the  more  recent  events.  The 
larger  events  can  be  identified  by  their  aftershock  se- 


quences, and  there  is  a  vague  tendency  for  the  major 
faults  to  be  identified  on  the  basis  of  earthquake  epicen- 
ters. This  may  be  due  to  inaccuracy  in  locating  the  epi- 
centers. A  cluster  of  magnitude  4  or  5  earthquakes  oc- 
curs at  the  junction  of  the  San  Andreas  and  San  Jacinto 
faults  near  San  Bernardino.  The  inset  to  plate  7  shows 
the  events  of  magnitude  4  and  greater  in  the  San  Ber- 
nardino area.  In  general,  seismicity  of  this  magnitude 
level  is  fairly  low  in  the  study  area.  Thus,  based  solely 
on  the  available  epicenter  data,  it  is  not  possible  to 
identify  those  faults  in  the  study  area  which  exhibit  cur- 
rent seismic  activity. 
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Photo  20  Cajon  Pass,  point  of  separation  for  the  San  Jacinto  fault  zones;  view  northwest  At  this  juncture,  the  San  Jacinto  fault  zone  (SJ), 
including  the  Glen  Helen  fault  (GH),  is  about  1  mile  wide  On  the  right,  the  San  Andreas  fault  zone  (SA),  including  poorly  mapped  ground- 
water barriers  (GWB)  on  the  west  side  of  the  most  active  trace,  is  about  1  mile  wide  Northwest  of  this  point,  the  San  Jacinto  and  San 
Andreas  faults  are  essentially  parallel  and  form  a  wide  zone  terminating  near  Palmdale  The  faults  diverge  and  are  about  25  miles  (40  km) 
apart  at  the  latitude  of  Indio,  75  miles  (120  km)  to  the  southeast  Photo  by  Gordon  Davis.  Aerial  Enterprises,  San  Bernardino 


FAULT  MOVEMENT 

From  1964  to  1966,  thirty  small  survey  figures  were 
established  by  the  California  Department  of  Water 
Resources  and  the  U.  S.  Geological  Survey  across 
faults  of  the  San  Andreas  system  in  central  and 
southern  California,  and  most  of  these  figures  have 
been  resurveyed  several  times  since  they  were 
established.  The  survey  figures  are  used  to  detect  possi- 
ble fault  creep  near  the  survey  sites.  Three  of  these 
figures— DEVIL,  R I  ALTO,  and  COLT— were  in  the 
study  area.  DEVIL  is  on  the  San  Andreas  fault,  and 
RIALTO  and  COLT  are  on  the  San  Jacinto  fault  (plate 
2). 


Small  Survey  Figures 


DEVIL 


The  DEVIL  site  was  established  on  the  San  Andreas 
fault  in  1964  and  resurveyed  in  1965,  1966,  1968, 
1970,  and  1972  (figure  4a).  Levels  were  run  in  1S64, 
1965,  1968,  1970,  and  1971.  There  were  maximum 
changes  of  ±  4  seconds  of  arc  in  the  astronomic 
azimuth  of  line  B-D  between  the  surveys;  the  taped 


length  of  B-D  increased  by  1  mm  (0.039  in.)  (figure 
4b).  The  triangle  closures  and  angle  corrections  were 
generally  well  within  the  accuracy  specifications  of  the 
survey.  The  results  of  the  horizontal  surveys  indicate 
no  fault  movement  greater  than  the  survey  error  prior 
to  1970  and  about  15  mm  (0.59  in.)  of  right-lateral 
movement  between  1970  and  1972  (Miller,  1972).  The 
vertical  surveys  indicate  that  the  northeast  side  of  the 
San  Andreas  fault  is  moving  up  relative  to  the  south- 
west side. 


RIALTO 

The  RIALTO  site  was  established  in  1964  on  the 
San  Jacinto  fault  and  reobserved  in  1965,  1967,  1968, 
1970,  and  1972  (figure  5a).  The  astronomic  azimuth  of 
line  B-D  remained  essentially  constant  until  the  survey 
of  1972;  at  that  time  it  decreased  about  3  seconds  of 
arc.  The  taped  length  of  line  B-D  varied  over  a  range  of 
5  mm  (figure  5b).  Triangle  closures  and  angle  correc- 
tions were  within  the  specifications  of  the  surveys. 
There  is  reason  to  believe  that  mark  C  was  disturbed  by 
heavy  equipment  between  1968  and  1970  (Miller, 
1972). 
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Levels  were  run  at  RIALTO  site  in  1964,  1965, 
»67,  1968,  1970,  1971,  and  1972.  A  level  line  con- 
cting  RIALTO  to  COLT  was  established  in  1971  and 
surveyed  in  1972. 

The  results  of  the  horizontal  surveys  showed  a  right  - 
teral  creep  rate  of  about  2  mm  per  year  until  1968. 
rtween  1968  and  1970,  there  may  have  been  some 
tall  amount  of  fault  movement,  but  the  rate  was  not 

large  as  the  pre- 1968  rate.  From  1970  to  1972  there 
is  no  fault  movement  larger  than  the  survey  error. 

OUT 

The  COLT  site  was  established  on  the  San  Jacinto 
ult  in  1964  and  resurveyed  in  1965,  1967,  1969, 
►70,  and  1972  (figure  6a).  The  astronomic  azimuth  of 
le  B-D  decreased  about  15  seconds  from  1964  to 
>72.  The  taped  length  of  line  B-D  increased  3  mm 
rtween  1964  and  1972.  There  is  some  indication  that 
ark  F  was  disturbed  between  1970  and  1972,  and 

lculated  position  vectors  suggest  that  marks  F  and  D 
ive  been  unstable  since  1964  (Miller,  1972).  Levels 
ere  run  at  this  site  in  1964,  1965,  1967,  1968,  1969, 
>71,  and  1972.  A  level  line  connecting  this  site  to 
I  ALTO  was  established  in  1971  and  reobserved  in 
>72. 

The  results  of  the  horizontal  surveys  indicate  that, 
;tween  1964  and  1970,  there  was  fault  movement  with 
rate  of  about  1.5  mm  (0.059  in)  per  year  on  the  San 
cinto  fault.  In  1972  all  the  marks  moved  southeast 
lative  to  mark  A.  The  vertical  surveys  also  indicate  a 
bstantial  change  in  1970  (figure  6b). 

Survey  Results  near  San  Bernardino 

At  DEVIL,  there  was  no  indication  of  fault  move- 
ent  prior  to  1970  whereas,  between  1970  and  1972, 
lere  was  1 5  mm  (0.59  in)  of  right-lateral  movement  at 
le  site.  At  RIALTO,  there  was  more  or  less  steady 
ght-lateral  movement  of  2  mm  per  year  (total  about 
D  mm  _  0.39  in)  between  1964  and  1968  with, 
;rhaps,  slight  right-lateral  movement  between  1968 
id  1970.  After  1970,  there  was  essentially  no  move- 
ent.  At  COLT,  there  was  movement  with  a  rate  of 
jout  1.5  mm  (0.059  in)  per  year  (total  about  9  to  10 
m  =  0.35  to  0.39  in)  between  1964  and  1970,  and 
lere  was  no  evidence  of  movement  after  1970.  The 
vel  data  at  DEVIL  show  a  more  or  less  steady  uplift 
f  the  northeastern  block  relative  to  the  southwestern 
lock,  but  the  data  are  too  sparse  to  draw  firm  conclu- 
ons  about  possible  changes  in  rates.  At  RIALTO,  the 
:vel  data  indicate  a  change  in  trend  between  the  1968 
[id  1970  surveys  (figure  5b)  while  at  COLT  a  change 
l  trend  occurs  between  the  1970  and  1972  surveys, 
hus,  both  horizontal  and  vertical  data  at  COLT  and 
>EVIL  suggest  a  major  change  in  the  strain  field  bet- 
een  1970  and  1972. 


Geodimeter  Data 

Three  geodimeter  lines  of  the  California 
Jeodimeter  Network  have  been  measured  near  this 
rea:  lines  66,  67,  and  70  (Greensfelder  and  Bennett, 


1973;  figure  7).  Lines  66  and  67  show  length  increases 
of  4  to  5  cm  (1.5-2  in)  between  1968  and  1970,  and  they 
show  length  decreases  of  about  2  cm  between  1 970  and 
1972.  Line  70  lengthened  by  about  10  cm  (3.9  in)  be- 
tween 1968  and  1972.  Thus,  the  geodimeter  data  also 
suggest  a  change  in  the  strain  field  between  1970  and 
1972.  If  the  hypothesis  of  periodic  fluctuations  in  line 
lengths  proposed  by  Greensfelder  and  Bennett  (1973) 
is  valid,  the  data  from  these  small  survey  figures  may 
be  reflecting  this  change.  More  data  are  needed  to 
resolve  this  problem. 

On  September  12,  1970,  a  magnitude  5.4  earthquake 
occurred  about  15  miles  (25  km)  northwest  of  the  San 
Bernardino  area,  and  on  February  9,  1971,  the  mag- 
nitude 6.4  San  Fernando  earthquake  occurred  62  miles 
(100  km)  to  the  west  of  the  San  Bernardino  area.  These 
two  events  are  indicated  on  figures  4b,  5b,  and  6b.  It  is 
possible  that  the  change  in  the  strain  field  between 
1970  and  1972  was  related  to  one  or  both  of  these  two 
events,  but  the  data  are  not  adequate  to  resolve  this 
question. 

Kanamori  and  Chung  (1973)  and  Wu  and  others 

(1973)  found  changes  in  seismic  velocities  in  the 
vicinity  of  Riverside  between  1966  and  1971  that  might 
be  related  to  future  earthquake  activity  in  the  vicinity 
of  Riverside.  This  suggests  the  possibility  that  the  small 
survey  figures  may  be  providing  information  on  dila- 
tancy  preceding  an  earthquake.  Either  more  frequent 
measurements,  or  expansion  of  figures  and  level  nets, 
should  be  made  to  test  this  possibility. 

GROUND  SHAKING  SEVERITY 
Accelerations 

To  estimate  the  accelerations  in  rock,  Greensfelder 

(1974)  determined  the  faults  in  the  area  which  may  be 
active  in  the  future  and  assigned  potential  earthquake 
magnitudes  to  each.  Rock  accelerations  at  varying  dis- 
tances from  the  source  faults  were  determined  from  the 
curves  of  Schnable  and  Seed  (1973).  The  faults,  esti- 
mated lengths  of  rupture,  and  estimated  magnitudes 
used  in  this  study  are  shown  on  table  2.  Maximum  cre- 
dible earthquakes  are  the  largest  earthquakes  that 
might  occur  on  these  faults,  given  our  present 
knowledge  of  fault  lengths  and  the  tectonic  and 
geologic  environment  of  the  area.  The  definition  of 
maximum  credible  earthquake  does  not  include  a  time 
factor. 

It  is  probably  not  necessary  to  consider  other  max- 
imum credible  earthquakes  that  could  affect  the  study 

Table  2.     Maximum  credible  earthquake  and  length  of 
surface  rupture  in  the  vicinity  of  southwest  San  Ber- 
nardino County    (from  Greensfelder,    1974). 


Fault 

Local 
magnitude 

Length  of 
rupture 

San  Andreas 

8.5 

250  miles  (400  km) 

San  Jacinto 

7.5 

56  miles  (90  km) 

Elsinore-Whittier(?) 

7.5(?) 

56?miles  (90  km) 

Cucamonga 

6.5 

10  miles  (16  km) 
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Figure  7.     Geodimeter  line  length  changes,  1960-72,  in  the  vicinity  of  San  Bernardino  (Greensfelder  and  Bennett,  1973). 


irea,  because  the  four  events  in  table  2  bracket  the  area 
ind  provide  a  reasonable  range  of  possible  magnitudes. 

The  largest  earthquake  that  could  be  expected  to 
iffect  the  study  area  would  be  a  magnitude  8.5  event  on 
he  San  Andreas  fault.  Plates  5A  and  5B  show  the  max- 
mum  peak  acceleration  in  bedrock  which  a  magnitude 
$.5  earthquake  on  the  San  Andreas  fault  would  be  ex- 
acted to  produce  in  the  study  area.  Accelerations  of 
>ver  0.5  g  would  be  developed  throughout  most  of  the 
Jan  Bernardino  area.  The  sharp  relief  of  the  San  Ber- 
lardino  Mountains  could  have  an  unpredictable  effect 
>n  the  accelerations  (possibly  amplifying  the  accelera- 
ions  greatly),  and  this  should  be  taken  into  considera- 
ion  when  designing  proposed  structures  (Davis  and 
West,  1973). 

Plates  5A  and  5B  show  the  maximum  accelerations 
hat  would  be  produced  in  rock  from  a  magnitude  7.5 
earthquake  on  the  San  Jacinto  fault.  A  magnitude  7.5 
event  on  the  San  Jacinto  fault  would  be  larger  than  the 
jrevious  events  noted  on  the  southern  part  of  the  fault 
table  1).  Even  though  the  magnitude  of  the  1899 
earthquake  is  unknown,  it  well  may  have  been  near  7, 
ind  a  magnitude  7.5  earthquake  on  the  northern  San 
lacinto  fault  is  believed  to  be  a  reasonable  estimate. 

Most  of  the  San  Bernardino  area  would  be  subjected 
;o  accelerations  over  0.5  g  by  a  large  earthquake  on  the 
>an  Jacinto  fault;  and,  as  discussed  previously,  the  ac- 
;elerations  in  the  mountains  could  be  much  higher. 

Plate  5A  and  5B  show  the  maximum  peak  accelera- 
:ion  that  would  be  generated  in  rock  due  to  a  mag- 


nitude 6.5  earthquake  on  the  Cucamonga  fault.  The 
western  part  of  the  fault  trace  (outside  the  county)  was 
located  approximately,  but  adequately,  from 
Greensfelder's  (1974)  map.  An  earthquake  of  this  size 
on  the  Cucamonga  fault  is  not  unreasonble,  because  a 
stress  field  similar  to  that  preceding  the  1971  San  Fer- 
nando earthquake  seems  to  be  affecting  the  area 
(Rodgers  and  Chinnery,  1973).  Accelerations  over  0.5 
g  would  be  generally  confined  to  the  area  within  about 
6.2  miles  (10  km)  of  the  fault  trace.  Attenuation  would 
reduce  rock  accelerations  at  greater  distance  from  the 
causative  fault.  Accelerations  in  the  mountains  could 
be  much  higher  than  shown  on  plates  5 A  and  5B. 

Plates  5A  also  shows  the  maximum  peak  accelera- 
tion that  would  be  generated  in  rock  from  a  magnitude 
7.5  earthquake  on  the  Elsinore-Whittier  fault.  The 
location  of  the  fault  is  approximate  (Durham  and 
Yerkes,  1964).  Accelerations  well  over  0.5  g  would  be 
expected  in  the  vicinity  of  Prado  Flood  Control  Dam. 
Accelerations  in  the  eastern  half  of  the  study  area  are 
not  shown  since  they  are  generally  less  than  0.3  g. 

The  accelerations  shown  on  plate  5A  and  5B  would 
be  measured  on  rock,  but  not  necessarily  crystalline 
bedrock.  For  purposes  of  this  report,  rock  is  defined  as 
material  with  a  shear-wave  velocity  greater  than  about 
2000  feet  (600  m)  per  second  (Greensfelder,  1974). 
The  alluvial  fill  in  the  valleys  exhibits  shear-wave 
velocities  of  2000  feet  (600  m)  per  second  and  greater 
at  depths  of  500  feet  (150  m)  and  below.  Thus,  for  the 
purpose  of  calculating  the  response  of  the  ground  sur- 
face, these  rock  accelerations  should  be  used  as  input 
for  localities  where  the  depth  of  alluvium  is  greater 
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Photo  21  San  Andreas  fault  zone  (SA)  on  the  east  and  San  Jacinto  fault  zone  (SJ)  on  the  west  bound  central  San  Bernardino;  view  north- 
east The  Loma  Linda  fault  (LL)  and  the  questionable  extension  of  the  Banning  fault  (B9)  lie  between  the  two  major  faults  The  thickness  of 
alluvium  exceeds  1200  feet  in  the  center  of  the  area  northeast  of  the  San  Jacinto  fault  In  the  late  1800s.  most  of  the  valley  region  northeast 
of  the  San  Jacinto  was  an  area  of  springs  and  marshland  with  flowing  streams  Mining  of  ground  water  in  the  first  half  of  this  century 
caused  at  least  1  foot  of  subsidence  between  Loma  Linda  (center  of  photo)  and  San  Bernardino  (left)  However,  the  lowering  of  the  ground- 
water level  has  greatly  reduced  the  potential  for  liquefaction   Photo  by  Gordon  Davis.  Aerial  Enterprises.  San  Bernardino 


than  500  feet  (150  m).  Where  the  alluvium  is  less  than 
500  feet  (150  m)  thick,  the  effect  of  the  alluvium  on  the 
acceleration  should  be  recalculated. 

The  locations  of  the  contours  shown  in  plates  5  A  and 
5B  were  determined  from  observational  data,  and  some 
of  the  acceleration-distance  curves  were  derived  from 
data  several  tens  of  kilometers  from  the  source  faults. 
Because  of  this,  the  distance  of  some  of  the  contour 
locations  from  the  causative  fault  could  be  in  by  as 
much  as  15  to  25  percent.  The  acceleration  values  also 
could  be  in  error  by  as  much  as  10  to  15  percent. 
Therefore,  detailed  conclusions  should  not  be  drawn 
from  these  maps.  In  general  terms,  the  maps  depict  the 
relative  variation  of  the  accelerations  with  distance 
from  a  fault. 


Ground  Surface  Response 

Since  most  structures  are  built  on  the  ground  sur- 
face, we  are  naturally  more  interested  in  the  behavior 
of  the  surface  than  we  are  in  the  behavior  of  material 
500  feet  (150  m)  below  the  surface.  Several  methods 
exist  for  the  calculation  of  surface  response  given  an  in- 


put motion  (Seed  and  others,  1970;  Murphy  and  others, 
1971;  Schnable  and  others,  1972).  Whatever  calcula- 
tion method  is  used,  it  can  generally  be  assumed  that: 
(a)  the  higher  frequency  seismic  waves  are  relatively 
more  attenuated  by  alluvium  than  the  lower  frequency 
waves;  (b)  the  deeper  the  soil  deposits  are,  the  more 
their  shaking  behavior  corresponds  to  the  lower  fre- 
quencies of  any  seismic  event;  and  (c)  large-amplitude 
motions  are  more  attenuated  when  nonelastic  effects 
are  included  in  the  equations  used  to  calculate  the 
ground  response  than  when  purely  elastic  effects  are 
used  in  equations  to  calculate  ground  response. 

As  a  general  conclusion  for  the  study  area,  it  may  be 
assumed  that  the  areas  of  deeper  alluvium  should 
receive  more  analysis  prior  to  design  and  construction 
of  significant  structures  than  the  areas  of  shallower 
alluvium.  Plates  1  and  4  can  be  used  together  with  plate 
5  and  generalized  soil  columns  to  determine  general 
areas  of  relative  hazard  for  different  types  of  struc- 
tures, using  the  methods  devised  by  Seed  and  others 
(1970).  These  data  can  also  be  used  as  the  initial  input 
for  a  detailed  investigation  of  a  building  site.  However, 
the  data  shown  on  the  plates  cannot  be  used  in  place  of 
detailed  site  studies. 
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Factors  used  in  design  of  structures  include  the  ac- 
eleration  and  velocity  response  spectra  of  the  ground 
urface.  The  maximum  peak  acceleration  is  used  to 
cale  any  acceleration  record.  The  scaled  record  is  then 
nodified  mathematically  to  determine  the  effect  that 
he  soil  column  beneath  the  structure  has  on  the  ac- 
eleration  record. 

A  useful  tool  in  designing  structures  on  locations  in 
eismically  active  areas,  such  as  the  San  Bernardino 
irea,  is  the  ground  response  map.  These  maps  present 
losely  spaced  observational  and  mathematical  seismic 
letail  and  provide  relatively  detailed  information  on 
he  behavior  of  a  given  site  during  a  seismic  event  in 
erms  useful  to  design  engineers.  The  preparation  of 
round  response  maps  was  outside  the  scope  of  this  pro- 
ect.  This  report  does  include  maps  showing  maximum 
>eak  acceleration  and  alluvial  thickness,  which  could 
>e  used  in  the  preparation  of  ground  response  maps. 

LIQUEFACTION  POTENTIAL 

Liquefaction  is  the  transformation  of  cohesionless 
oils  from  a  solid  state  to  a  liquid  state  due  to  increased 


pore-water  pressures  (Youd  and  others,  1973).  When  a 
saturated  sandy  or  silty  soil  is  subjected  to  seismic 
shaking,  this  often  causes  the  pore  pressure  of  the  soil  to 
increase  enough  to  liquefy  the  soil. 

Three  types  of  ground  failure  are  generally  associ- 
ated with  liquefaction  (Youd  and  others,  1973):  (1) 
Flow  landslides  occur  on  moderate  to  steeply  dipping 
slopes,  and  these  slides  can  often  cause  damage 
downslope  from  the  area  of  liquefaction.  (2)  Lateral - 
spreading  landslides  occur  on  gently  dipping  to  nearly 
horizontal  slopes,  but  they  do  not  generally  move  as  far 
as  flow  landslides.  However,  these  slides  can  be  reacti- 
vated by  repeated  shaking.  (3)  Quick-condition  failure 
can  occur  on  horizontal,  saturated  sandy  or  silty  soils, 
where  drainage  is  generally  confined  to  the  immediate 
area  of  liquefaction.  In  areas  where  liquefaction  has  oc- 
curred, buildings  and  cars  often  settle  into  the  ground, 
the  lighter  underground  structures,  such  as  gasoline 
storage  tanks  and  septic  tanks,  often  float  to  the  sur- 
face. 

The  potential  for  liquefaction  exists  in  all  the 
alluvial  portions  of  the  study  area.  The  soils  are 
generally  sandy  and/or  silty  throughout  the  area;  and, 


5hoto  22.  San  Jacinto  fault  zone,  through  south  San  Bernardino  and  Colton;  view  northward.  The  San  Jacinto  fault  bisects  the  campus  of 
Jan  Bernardino  Valley  College  (S.B.V.C),  follows  the  east  branch  of  the  California  Aqueduct  pipeline  (DWR)  near  the  junction  of  Lytle 
>eek  flood  control  channel  and  Warm  Creek  (left  center),  and  passes  through  the  northeast  quadrant  of  the  Interstate  10  and  15  in- 
erchange  (lower  right)  Photo  by  Gordon  Davis,  Aerial  Enterprises,  San  Bernardino. 
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where  these  soils  are  saturated,  liquefaction  is  possible. 
The  saturated  condition  occurs  wherever  the  water  ta- 
ble is  less  than  50  feet  (15m)  deep  or  whenever  there  is 
heavy  rainfall.  The  liquefaction  potential  is  generally 
lower  during  seasons  when  the  water  table  is  deeper 
than  50  feet  and  is  generally  higher  during  seasons 
when  the  water  table  is  shallower  than  50  feet. 
However,  there  are  some  areas,  such  as  parks  with 
ponds  or  heavily  irrigated  lawns,  where  a  perched 
shallow  water-bearing  zone  makes  liquefaction  possi- 
ble at  all  times. 

Liquefaction  potential  in  the  study  area  should  be 
estimated  in  detail,  assuming  a  very  shallow  water  table 


everywhere,  using  the  methods  devised  by  Seed  an 
Idriss  (1971)  and  Youd  and  others  (1973).  This  woul 
require  collecting  all  available  shallow  boring  data 
estimating  the  physical  properties  of  the  soils,  and  com 
puting  the  liquefaction  potential  for  each  of  the  fou 
maximum  credible  earthquakes  discussed  earlier.  Thi 
information  would  assist  in  distinguishing  local  varia 
tions  in  liquefaction  potential  and  allow  generalize 
zoning  regulations  to  be  established;  it  would  also  hel 
to  identify  an  area  where  liquefaction-caused  land 
slides  might  do  damage  downslope.  A  careful  evalua 
tion  of  the  liquefaction  potential  should  be  require 
before  approving  building  sites  for  major  constructio 
projects  and  housing  developments. 
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Index   map   showing     generalized    locations    of  seismic    and    magnetometer  traverses. 
Insert    shows    traverse     M8    across    Prado  Flood    Control    Basin    north  of    Corona. 
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